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PR EFACE. 



Fob about six years during the con* 

Kstraction of the East Kiver Bridge, nod 

I for aboat two years ae engineer of the 

Department of Tests and Experiments 

[ of Fairbanks & Co. of New York, the 

I author has been engaged in developing 

L and applying methods of testing the 

I strength of materials. This volume ex- 

I plains such uf his most snccessful meth- 

I ods as seem likely to be generally nseful 

I and interesting. A largei- and perhaps 

I more useful volume might haye been 

I- made by esteodiog its scope to embrace 

|:nntried theories, but he has preferred to 

l^lunit it to describing methods and ma- 

ines in actual use. 

The Tolume opens with a brief history 

of what had been accomplished in this 

braaoh of engineering before the author 

became interested in it. Then follows an 

mtion of fmprovementB ttia^. \i.ft '\i'b& 




introdaced; chiefly such as embrace 
automatic contrivances for enabhng the 
machine to do its own recording and ad- 
justing. Lastly is given a collection of 
instructions for using the testing ma- 
chine, and a series of tables indicating 
the correlation between the results ob- 
tained from experiments, and processes 
of manufacture and construction. 

The subject is of increasing interest 
for various reasons : 1st. The enlarging 
education of practical men is leading 
them to bestow close attention to it. 
2d. Capitalists are looking more closely 
into the expenditure for materials, with 
the result that the engineer who builds 
an adequate structure with less outlay is 
preferred. 3d. The courts of justice are 
imposing somewhat heavier responsibili- 
ties on proprietors of weak structures. 
There is a growing disposition in the 
cases when the fall of a bridge or build- 
ing, or the explosion of a gas main has 
destroyed life or injured property, to 
hold the owner responsible in damages 
if, by foresight and care in the construe- 



tion, the risk could have been^'avoided. 
On many accounts the problem of ascer- 
taining the strength of materials to be 
used in any structure is one of the most 
interesting of modem practical science. 

Arthtr V. Abbott. 
Nbw York, March 6, 1884. 



Testing. Machines, their History, 
Construction and Use. 



HISTORY. 

To a celestial visitor, approaching the 
globe toward the Western Hemisphere, 
the American Continent would appear like 
the web of some gigantic arachnid. Long 
lines of glistening black threads, running 
from point to point, and here and there 
converging to a focus, would, on a nearer 
examination, be decomposed into parallel 
lines of railway, with accompanying tele- 
graph wires. Spider-like bridges of 
wood and iron span the rivers, while over 
the waters, under them, ghde all sorts of 
naval structures, bearing the commerce 
of a nation. A still closer inspection 
would decompose the foci of the rail- 
ways into busy towns and cities, whose 
substantial buildings, of wood and 
stone and iron, bear testimony to the 
truth oi the saying, that the pro^petvV,^ ol 
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a nation may be measured by the success 
of the people as constructors. Thus, to 
conquer time and space by joining the 
two oceans with the railway and the tele- 
graph; to drive a five thousand ton ship 
across the»Atlantic in the face of adverse 
gales ; to erect the structures that now 
span the Mississippi, the Niagara and the 
East Eiver; and to dot the continent 
with buildings, such as may be seen in 
the streets of any of our cities ; would 
seem to require the most intimate con- 
ceivable knowledge of all the properties 
of all the materials used in construction. 
Yet such is far from being the case. In- 
deed the art of construction, perhaps 
more than all others, is involved in mys- 
tery and obscurity ; unless the fact that 
engineers, having arrived at a point where 
they are ready to say that they do not 
know, may be credited with having gained 
a long stride toward perfect knowledge. 
This unacquaintance with the subject is 
by no means unaccountable, for a little 
consideration will show that it is one of 
the greatefat complexity. In designing 
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an. iron bridge, the engineer is at once 
brought face to face with such a 
catalogue of operative causes affecting 
the quahty of the material to be used, 
each one having the power to vary so 
greatly the iron, that only the keenest 
foresight, and tlie most subtle analysis, 
can predict the result. A slight varia- 
tion in the ore changing the relative pro- 
portion of carbon, phosphorus orsulphur^ 
may give rise to the greateBt differences 
in the relined metal. Changes of manip- 
ulation in the rolling mill, apparently 
slight, such as differences in the temper- 
ature at the time of rolhng, or variation 
in the rapidity of the reduction of the 
rolls, are capable of enhancing or spoil- 
ing the value of the product. The knowl- 
edge ot materials is at present, at least, 
aa absolutely empirical one, for those 
who are most skilled do not hesitute to 
admit that any predictions from existing 
data regarding a new materia], or the ef- 
ifects of a new process on an old one, are 
liazardous in the estreme, and should be 
;eived with the greatest caution, " Eti.- 




i 



10 

perimenta docet '' seems to be the only 
motto for this science. Before the con- 
structor makes use of either a new ma- 
terial, or an old one in a new form, the 
only safe method is to experiment with 
the piece in question, carrying the re- 
searches far enough to demonstrate all 
the physical properties, so that the 
•qualifications for the work in question 
may be accurately known. Thus, and 
thus only, can the engineer inspire con- 
fidence in the structures that he plans, 
fmd by a knowledge superior to that of 
his competitors exhibit such an economy 
and fitness of design as shall ensure 
success. 

To make experiments on large pieces 
of iron and steel, having a tenacity of 
from fifty to one hundred thousand 
pounds per square inch of section, re- 
•quires the use of very expensive and pon- 
derous machinery, to which may be at- 
tributed the slow progress that has 
attended investigations of this character. 
The entire history of tests, and testing 
machines in this country may be com- 
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prised witliin the last thirty yeara. One 
of the first machineB for making phyeieal ' 
teets waa designed and biiilt by the late 
Major Wade, for the TTnited States Gov- 
ernment, in 1855 and 1856, and waa used 
in making experiments on the o^at iron 
intended for the ordnance sei-vice. A 
little later this machine was remodeled 
and improved by Capt. Bodman. Two of 
the Rodnmn machines are now in use by 
the Government, one being in the Wash- 
ington Navy Yard, and one in the Army 
Building New York City, These machinea 
oonaiated of a heavy frame of east iron 
carrying three levers, the last and small- 
eBt one being used as a scale l>eam. One 
end of the specimen {which was turned 
BO as to have two collars on each end) 
-was secured to the iron frame, and the 
other end to the large lever of the scale 
system. This whole scale system waa 
then hfted by means of a screw and com- 
pound gearing, thus producing stress on 
the specimen, which was estimated by 
placing weights on the acale beam. Co- 
temporaneoualy, ^e late John A. Roeb- 
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ling was engaged in making experi- 
oCients on the properties of wire at 
his works in Trenton, and investiga- 
ting the qualities of rolled iron beams at 
the works of the New Jersey Iron and 
Steel Co. A little later Geo. W. Plymp- 
ton, now Professor of Physical Science 
in the Brooklyn Polytechnic, made num- 
erous experiments on some full-sized 
rods designed to be employed in bridges 
built by Murphy & Whipple. This was 
one of the first testing machines built to 
make experiments on full-sized bridge 
members, and was of unusual dimen- 
sions. It consisted of a heavy frame- 
work composed of yellow pine timbers 16 
ins. by 20 ins., and thirty feet long, set 
18 ins. apart, and secured against side 
springing by pieces of oak. The 
stresses were apphed by a screw, three 
Ids. in diameter, working through a thick 
iron plate, and one of the oak end pieces* 
The outer end of the screw was furnished 
with a rachet wheel 12 ins. in diameter, 
which worked on the extended screw as 
a fulcrum. A stout rachet on the lever 



' completed tlie movable outside portion 
on the head of the machine. Inside tlie 
head-piece the screw terminated in a 
stout cast iron cross-liead, in which it 
turned freely. The cross-head carried a 
pair of parallel flat bars to which the rod 
Tinder test was made fast. To facilitate - 
the fastening, and to render the machine 
adjustable for testing rods of difierent 
lengths, the parallel bars were furnished 
vrith holes 6 ius. apart, and a sliding 
cross-head that could be attached to the 
baFB by means of pins placed in these 
holes. At the other end of the machine the 
Btressea were measured by a balance beam 
10 ft. long. A heavy iron bolt carried 
through the heatl-piece was (after being 
passed through a thick iron plate which 
formed the end of the balance beam) 
forked bo as to hold seeurelya steel block, 
'with a face at right angles to the axis of 
Uie rod ; this face was made to bear 

I agcunst a knife edge when the machine 
I in operation. The balance beam was 

f QQCBtructed like a king-post truss, with 
n extra rod following the line of the in- 
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clined studs. At the end next to the 
machine the plates above referred to 
were secured by bolts so as to form the 
extreme end of the lever. The plate had 
two blunt knife edges, one on each side ; 
the one toward the machine rested on a 
plate attached to the oak head-piece ; the 
knife edge on the other side, which was 
•^ of a foot higher up, had for a bearing, 
the steel block which received the stress 
from the rod under test. To the extrem- 
ity of the balance beam was hung a plat- 
form to receive weights. It will be seen 
that the tensile forces were measured by 
a bent lever, whose arms were respective- 
ly -j^ of a ft. and 10 ft. The machine 
was designed and built by Mr. J. W. 
Murphy of Philadelphia. 

The outbreak of the war diverted the 
thought of the country to other channels, 
and little more was heard of testing ma- 
chines till shortly after its close, when the 
scale apparatus of a large machine was 
built for Colt's armory by Fairbanks & Co. 
This machine is illustrated in Fig. 1, and 
had a capacity of 100,000 lbs. It has a 




platform «,witlia central opening, tlirough 
which pass two screws, b, entering the 
cross-head e, ftnd connected at their lower 
ends to two arina of a forked lever below 
the floor. The long arm of this lever is 
coupled with the differential levers d, e, f, 
which act on the scale beam in such a 
maimer that by depressing the free and 
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of the lever d, the cross-head is pulled 
down. This same effect may be produced 
by raising the fulcrum of the lever with 
the hydraulic jack ^. The machine was 
fitted with appliances to make test in ten- 
sion, compression and transverse stress. 

This was the first platform testing ma- 
chines ever built. 

Another machine was soon built by Fair- 
banks & Co. for Columbia College, New 
York. Fig. 2 presents a view of this ma- 
chine. A large platform supports four 
heavy timber columns that carry a top 
cross-head for holding the upper end of 
the specimen. Through the platform 
run two screws operating the lower 
cross-head, and moved by the gearing 
and hand wheel at the side of the ma- 
chine. I'he force produced by the 
screws, whether in tension, compression 
or transverse stress, is brought on the 
platform and estimated by the beam. 
This machine is fitted with a clockwork 
attachment for automatically moving out 
the poise on the beam as fast as the 
stress increases in the test piece. From 




ltbeB« macbines as a starting point, Fair- 
nbanka &. Co. have continued with constant 
k'imprOTements the manufacture of testing 
Much interest was now inaiii- 
F iested in the subject of testing, and the 
firmof BiehleBros., of PhUadelphia. start- 
ed in the manufacture of all kinds of ma- 
ehiiiGB as regular articles d( commerce. 
At a conreutioii of tlie ^.mftl:'\p,Ml 'SiO- 
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ciety of Civil Engineers held at Chicago, 
June 6, 1872, it was, on motion of Gen. 
Sooy Smith, resolved, that : 

Whereas, American engineers are now 
mainly dependent upon formulse for the 
calculation of strength of the different 
forms of iron and steel not based on ex- 
periments upon American materials and 
manufacture; and, whereas, these differ 
greatly in many of their characteristics 
from those of foreign production, both in 
their nature and form ; therefore, 

Jiesolved, that a committee of five be ap- 
pointed to urge upon the United States 
Government the importance of a thorough 
and complete series of tests of American 
iron and steel, and of the great value of 
the formulae to be deduced from such ex- 
periments. 

Pursuant to this resolution a committee 
was appointed by whose efforts Congress 
was induced to pass a law for the ap- 
pointment of a United States board to 
test iron and steel, and an appropriation 
of 75,000 dollars was made for that pur- 
pose. This board consisted of Col. T. T. 
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S. Laidley, Ord. Dept. XJ. S. A.; Command- 
er It. A. Beardslee, U. Sv N. ; Lieut-CoL 
Q. A. Gillmore, U. S. A. ; Chief Engineer 
D. Smith, TJ.S.N. ; Gen.W. Sooy Smith, C. 
E, ; A. L. HoUey, C. E., and E. H. Thurs- 
ton, A. M., C. E., Secretary. One of the 
first steps of the board was to secure an 
adequate machine for making the intend- 
ed tests ; for at that time there were no ma- 
chines in the country capable of making 
accurate experiments on specimens of 
more than a square inch of steel. After 
a thorough investigation of the subject a 
contract to build a machine having a 
capacity of 1,000,000 lbs. was awarded to 
Mr. A. H. Emery, of Chicopee, Mass. Dur- 
ing the four years that elapsed prior to 
the completion of the machine the board 
did a very large amount of very valuable 
work in investigating with the Kodman 
machine, and the large chain-testing ma- 
chine at the Washington navy yard, the 
character of wrought iron rods commonly 
used for chains ; and under the direction 
of Prof. Thurston, at Stevens Institute, 
the properties of the different bronzes. In 
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1879 the Emery machine was completed 
and the government came into possessioi 
of a machine having a capacity of 1,000, 
"000 lbs., and capable of testing speci 
mens (in tension and compression) up tc 
30 ft. of length. Unfortunately the acl 
incorporating the board limited its life tc 
the duration appropriation of 75,000 
With the completion of the testing ma 
chine this appropriation was exhausted 
and the board ceased to exist without 
having had an opportunity to demon- 
strate the value of the new testing ma- 
chine to the community. 

At the Centennial Exhibition in 1876, 
Professor Thurston exhibited a testing 
machine for making experiments in tor- 
sion, which was provided with an apparatus 
. whereby the amount of the stress applied 
to the specimen and the resulting strain 
were graphically recorded by the machine 
on a sheet of cross-section paper. This 
was the first testing machine arranged to 
autograpliically record the results pro- 
duced by the experiments, and marks a 
great step in the improvement of such 
apparatus. 
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111 1877, in connection with tlie inspec- 
' Ttion of the steel inteiLded for the super- 
structure of the East Biver bridge, the 
-anthor of this essay designed, and cou- 
icted what is believed to have been 
i first testing machine for autograpbi- 
dly recording the results of the tests 
lade in other titan torsional streases. 
s machine w&s nol a large one, having 
japacity of 100,000 Iba., and sus- 
iptible of esperimenting on pieces in 
■n, compression and transverse 
B up to 2 ft. in length, and in shear- 
k iiig to capacity of machine. Briefly de- 
scribed, it consisted of a cast iron base 
suppordng two cast iron columns, on 
' which was placed a diffei<ential scale beam. 
^LSlhe end of this beam was connected with 
^n swinging weight, so that the stress pro- 
F^ced on the specimen caused the end of 
the beam to rise, swinging the weight 
through a measurable arc. Connected 
inth the scale beam was a cylinder, 
■ying a sheet of cross-section paper, 
: which was mounted a little car- 
(, sustaining a pencil or stylographic 
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pen. This canriage was eaused to move 
along the axis of the cylinder by means, 
of a steel tape, connected with the speci- 
men under examination. As fast as the 
stress was applied to the specimen, the 
scale beam rose, the cylinder rotated,, 
and caused the pencil to make a mark, 
parallel to the axi^ of y, while as fast as 
the stress produced any deformation in 
the specimen, the pencil was drawn along 
the paper parallel to the axis of x. The 
combination of these two movements 
gave a curve, whose abscissae and ordi- 
nates indicated the amount of stress and 
strain produced in the specimen. 

About two years ago Messrs. Fair- 
banks & Co. conceived the idea of estab- 
lishing, in New York City, a physical 
laboratory completely equipped with 
testing machines of the most approved 
pattern, and supplied with sijch gauges,, 
and instruments for making all kinds 
of physical investigations, so that 
engineers, and those interested in 
construction^ could be afforded an 
ample opportunity to make investi- 
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gation in any desired direction. The 
many improvements in testing mik- 
chiuee, now to be described, bad their 
origin in the desii-e of that firm to equip 
their " Department of Tests and Experi- 
ments " BO completely thai it should be 
speedily accepted as t^ standard of scien- 
tific accuracy, and should become to 
America what the laboratory of Kirkaldy 
.^B been to England. 

Scientifically speaking, a testing ma- 
^ehine is a piece of apparatus for the pur- 
'pose of breaking sampics of material, and 
l^steringthe amount of stress required, 
jte well as the strain produced thereby! 
'und an analytical consideration of the 
subject dirides testing machines into two 
general classes, namely, machines for 
special tests and those for general work. 
Each of these classes may again be sub- 
divided, according to the position that 
the specimen occupies into horizontal 
and vertical machines. 

With regard to the method of applying 
the stress, testing machines may be 
classified as screw or hydrauUc raa-ctiiiitift. 
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While having reference to the method 
employed for measuring the stress ap- 
plied, they may be classed as lever, hy- 
draulic scale or hydraulic gauge ma- 
chines. These several classes will now 
be treated in their respective order, 

OENEBAL TESTINO MACHINES. 

The machines under this class are 
those so planned as to make experiments 
on material in at least three or four dif- 
ferent ways, as for example : machines ar- 
ranged to make tests in tension, com- 
pression, transverse stress, and in shear- 
ing, bulging, punching and torsion. 
There are, however, very few machines in 
the country that aim to make tests in all 
of the above varieties of stress. Gener- 
ally speaking, the investigations have 
been confined to tests made in tension, 
compression, transverse and shearing 
stress ; while the appliances for torsion, 
bulging and punching are less frequently 
added. The classifications into horizon- 
tal and vertical machines simply depends 
upon the position that the specimen has 
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•"with reference to the raaebine. In a 
vertical testing machine the specimen ia- 
ploced vertically. Machines of this kind 
Are to be preferred for many conaidera- 
jjt>oii8, wbenever the ^eciniens are not 
>Ter 5 or 6 feet in length, so as to ren- 
ifler this method of construction feasi- 
In such cases the machine may 
B built small enough, eo tts to be placed 
nan ordinary room, and maybe conven- 
ient!; manipulaied from the floor : where- 
as, when the specimen exceeds the above 
length, a special building would be neces- 
Bturj; and when large and heavy specimens- 
are to be tested it is exceedingly difScult 
to handle and place them iu the machine 
jnih requisite care. Vertical macbineB 
lay be built of any capacity that may be 
; but of course in making experi- 
ments on short specimens it is rarely de- 
sirable to carry this capacity above 300,- 
000 or 400,000 lbs. For testing bridge 
coltuuQB, eye-bara, full-sized members of 
all kinde ; angles, channels, etc., a hori- 
1 zontal machine, wherein the specimen 
^noay be pJaeeil parallel with the &oo\ iJL 
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the building, becomes almost a necessity. 
In a machine of this type the weighing 
apparatus is generally placed at one end 
of a long frame-work, designed to carry 
the reactionary stresses of the machine, 
while the mechanism for applying the 
stress, either a powerful hydraulic press 
or corresponding screws, is placed at the 
other. Over head, a traveling grip or 
crane may be conveniently arranged, and 
hy this device specimens of any size or 
weight, may be readUy and conveniently 
placed in the testing machine, supported 
during the application of the stress, and 
the pieces removed as soon as rupture 
takes place. 

The classification according to the 
method of applying stress into screw or 
hydraulic machines, simply indicates the 
method by means of which the force is 
applied to the specimen. In machines 
of capacity under 200,000 or 300,000 lbs., 
intended especially for experimental work, 
on the qualities of materials, screw ap- 
paratus is to be preferred for the follow- 
ing reasons : 
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First, the screw ia absolutely poBitive. 

By arranging' tlie driving mechB,mem, bo 

I to turn the screws either rapidly or 

bowly, rapidity with wliicli the stress 

pplied to the specimen may be va- 

ied at pleasure. As soon as the screws 

bop turning', the whole appai-atus re- 

naiDS absolutely rigid, and the stress 

r be continued on the specimen for 

indefinite length of time. It will 

readily seen that this is of especial ad- 

mtage in tlie investigations calliug the 

stie limit and modulus of elasticity into 

question. For example, should the prob- 

lam be presented to determine what load 

a, specimen will, for a long time, sustain 

without detriment, the piece may be 

a the testing machine, the screws 

med until the requisite load is indi- 

1 the beam, and the poise left, 

Idtli positive assurance that unless the 

s wilfully touched from the ex- 

rior there can be no yielding or spring- 

^ from its position, and the load on the 

< will not be in any way changed. 

in, the method of applying stteaa \>-y 
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meaiiB of tbe screw is perfectly uniform- 
and steady, provided that the gearing,, 
driven by the engine or other motor, be 
run in a steady manner. The piece is, 
therefore, never subjected to any shocks 
or jerks or to any variation in the steady 
increase of the stress. The screw, how- 
ever, IB liable to some disadvantages, for 
example, the co-efficient of friction is so 
large that even in the best built testing 
machines, on this plan, an efficiency of 
more than ten per cent, is scarcely, if 
ever, realized, igain, in order to ob- 
tain the requisite speed for making testa 
rapidly, it is neceseary to drive the ans- 
iliary gear very faet, so that the screws 
maybe rotated with sufficient speed. 

For machines of more than 200,000 or- 
300,000 lbs. capacity, especially those 
designed for making experiments on full- 
Bized members, where extreme accuracy 
of the testing matdiine is not so rigidly- 
required, hydraulic power is far prefer- 
able. By means of a hydraulic presB, 
and an accumulator, or three pistoa 
piunpB, for continuous! J a\\^\)\5\ng fl.\ 
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under a masimum presaiire, streas up to 
any desired capacity may be readily and 
easily applied, aa rapidly as may be wished. 
By means of an accumulator, the fluid 
forced in the jaek may be maintained un- 
der a continuous and uniform preasure, 
so long as the accumulator will run. This 
piece of appai-atus is, however, extremely 
bulky, if it be designed to supply fluid to 
a large or highly strained press. By 
■rjneaDB of a three-pistou pump, the fluid 
Bay be supphed to the press with almost 
s steady a flow as that obtained from the 
mnlator, and of course by supplying a 
fficientquantityof fluid to the pump that 
Bce of apparatus may be made to work 
^'Continuously so that a jack of any length 
of stroke may be operated without bulky 
machinery. Testing machines operated 
by hydrauhc power have the advantage 
of extreme rapidity of action. For ex- 
ample, in making many thousands of 
tests for the East River bridge, conduct- 
ed by the author, at the Cambria Iron 
Co.'a works, in Johnstown, it was custom- 
V to break a bar of steel an inch » 
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and 1 foot long, stretching some 3 or 4 
inches in from 6 to 10 minutes ; a rapid- 
ity which it would be hardly possible to 
equal in a machine worked by screw 
power. There is, however, a serious 
disadvantage in the hydraulic testing 
machine, from the fact that the pressure 
is constantly varying, even with the best 
regulated pieces of apparatus. If it is 
wished for a moment to stop the action 
of the pump, either to take a reading on 
the stretch gauge, or for any other pur- 
pose, the beam drops almost immediately, 
showing that even the pistons of the best 
packed jacks do leak quite appreciably, 
and allow the stress to be relieved, unlesa 
some means is arranged for retaining a 
constant pressure on the fluid. Of course, 
in machines so constructed, it is impos- 
sible to ascertain the effect of a long 
continued stress, unless some means, 
of clamping, or securing the piston rod 
can be arranged, to prevent this release 
of stress by leakage around the piston. 
The co-efl&cients of friction in the hy- 
draulic machines are comparatively slight. 
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BO that in well-built machines of this 
class it ia posBible, as bag been demon- 
strated by nitmeroUB esperimeiite, to ob- 
, tain an efficiency in tbe machine from 30 
to fiO per cent. However, tbe constant 
leakage of fluids, aronnd the joints or 
packings in varionB parte of the appara- 
tns, gives riae to continued annoyance, 
and is apt to render the teat room a dirty 
nnd disagreeable pla^e. 

The most important classification of 
testing machines is, that involving tbe 
qiparatue for eEtimating the amount of 
Btrese to which the specimen has been 
rabjected. The older machines of large 
capacity were generally arranged to have 
& fixed croas-head at one end of the fmme- 
work, to which one end of the specimen 
was attached, while the hydraulic press 
tor applying the stress was furnished 
with some form of gauge for estimating 
the amount of fiiiid pressure per square 
inch, to which the ram of the jack was 
subjected. By knowing the area of the 
piston, a simple example in multiplica- 
a gave the amount of stresB to which 
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the ram was subjected, and deducting 
therefrom an estimated quantity for fric- 
tion, the result was assumed to be the 
stress to which the sjpecimen was sub- 
jected. This, it has been recognized, 
was an exceedingly •crude and only 
approximate method of obtaining that 
stress. The co-efficients of friction in the 
jack are exceedingly variable quantities. 
If the interior of the jack is smooth and 
well poHshed, if the packings have been 
in for a long time ; and have become fitted 
to the cylinder, and a/re working at that 
part that has been most frequently used ; 
if the jack is driven at a comparatively 
low rate of speed, and if the fluid is a 
good lubricator and free from grit and 
from any foreign substance, the co-effi- 
cient of friction may fall as low as ■} or ^ 
per cent, of the entire force exercised 
by the fluid. But if the interior be 
rough, the packings, new or working, 
in a part of the cylinder not often 
used, the co-efficients may rise to the 
extraordinary amount of 40 per cent, of 
the entire pressure placed on the ram. 



I If this co-efiScient of friction were a con- 
stant quantity and sueceptible of being 
determineii once for all, it woixld oppose 
no serious obstacle to the accuracy of the 
testing machine. Sut, unfortunately 
■new packings and new supplies of fluid 
are neeeaeary, and varying conditions of 
the same are essential, consequently this 
co-efficient is constantly changing, and 
may give rise to resnlta on one day that 
are totally different from those on the 
succeeding one, so that no machine de- 
I pending solely and entirely on the regis- 

Itration given by a gauge, of the hydraulic 
pressure of the fluid can be accepted as 
giving results that are constantly reliable 
and accurate. As an example of this 
Snay be mentioned the following experi- 
ment : A ram having an area of 90 square 
inches, was on one day worked at a press- 
ure of 1,000 lbs. to the square inch, giv- 
ing an effect on the scale placed at the 
other end of the testing machine of only 
50,000 lbs., whereas, according to gauge 
pressure, there should have been a result 
of 90,000. On the day succeeding the 
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experiment detailed above, and without 
there having been any change in any of 
the parts of the jack, a gauge pressure of 
1,000 lbs. gave a scale reading of 85,000 
lbs. What was the cause of difference 
has been an unsolved problem. 

The next most common method of esti- 
mating stress is by means of the lever or 
combination of levers. In machines of 
this class the straining apparatus is so 
arranged as to be attached to one end of 
the specimen, while the other end is held 
in a cross-head directly attached to the 
levers forming the weighing apparatus. 
The following examples from some of the 
most prominent testing-machine makers 
in the country may be selected as ex- 
ponents of this system of estimation : 

Fig. 3 represents a 100,000 lbs. testing 
machine, built by J. L. Gill, of Pitts- 
burgh. The machine consists of a heavy 
cast iron frame-work, supporting the 
driving mechanism, consisting of some 
gears and band wheel, seen at the right 
hand, which are arranged to drive a 
powerful screw directly at the left of the 



machine. This screw carries a cross-head 

to which one end of the specimen may be 

^^tacbed, while directly over it may be 

~ien a second cross-head suspended from 

telarge lever on the top of the machine, 

8 iever connects, by a link at tbfc VftlV 
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hand, with a secondary lever directly over 
the band wheel, which in turn is connect- 
ed to the third lever, carrying two email 
poises and a weight counterpoise. The 
stress applied by the screws and the gears 
to the specimen is transmitted through 
it to the upper cross-head, then, acting 
on the poises and second levers, it causes 
the third, which is graduated as a beam, 
to rise. By sliding the poise in and out, 
and by adding weights to the weight 
counterpoise, the exact weight or stress 
apphed may be readily ascertained. 

In. Fig. 4 may be seen a very compact 
form of testing machine, built by Olsen 
& Co., of Philadelphia. Here one of the 
cross-heads of the machine, to which one 
end of the specimen is attached is support- 
ed on a large cast iron plate by means of 
four columns. This iron plate rests on the 
bearings of a large lever seen directly un- 
der the frame- work of the machine, which 
in turn transmits its stress to the beam 
at the right hand, where, in a similar 
manner to the previously described ma- 
chine, the weight may be estimated by 
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sliding the poises to and fro. Directly 
under the first mentioned cross-head 
may be seen a second cross-head, car- 
ried by means of four screws placed be- 
hind the columns supporting the upper 
head. By means of the crank and the 
gear at the left hand of the machine, this 
■cross-head may be run up and down at 
pleasure, producing on the specimen the 
stress which is transmitted to the weigh- 
ing apparatus. 

Figure 5 gives a styl^] of testing 
machine adopted by the Eiehle Brothers, 
of Philadelphia. Here the frame-work 
of the machine carries a hydraulic ram 
supported at the bottom. On the frame- 
work stand the columns carrying the 
cross-head on the top, to which, as in the 
previous cases, one end of the specimen 
may be attached. Directly underneath 
the cross-head are four adjusting screws 
carrying a second cross-head. The ob- 
ject of these screws is simply to furnish 
a means of adjustability for raising the 
cross-head independent of the jack, so as 
to adapt the machine for a great vaiiety 




4.0 

tion of the Byutein employed by Meeei 
Fairbanks & Co. A heavy frame-work i 
I-beams is arranged to carry the strai 

ing screws with theu- dri-ving meehftnisB 
and to support a scale systen 
of 8 levers. Four level's nre i 
80 as to support qiiite a large platfon 
From the ends of these i main level 
(technically so-called) the stress is con 
veyed to the central lever C, estendin 
beneath the platform. From the e 
this lever the stre&s passes to two mult 
plying levers, simply used for the 
pose of reducing the amount of stra 
that is transmitted to the weighing beai 
From the end of the last of these mult 
plying levers, the stress runs diioctly t 
the beam and may be estimateil by tJ 
poises in the customary manner. On tl 
top of the platform there stand tv 
columns, supporting on their tops alarg 
OFOBB-head, to which one end of 
specimen may be attached. 

In the preceding; machines it will b 
clearly noted that the straining mechai 
iBjn has no connection at all with tha 
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si^es of the two hydraulic supports any 
<3.€Bired multipKcation may be obtained 
binder the beam. The weighing beam, 
instead of being supported on the custom - 
«J7 knife edges, is hung by one or more 
Jxietal strips. This aiTangement will be- 
seen to constitute an absolutely frictUm- 
^8 piece of mechanism, for the pressui-e 
coming on the large dia^hgram; is jtml8^• • 
Baitted by the fluid column to the weigh- 
ing beam, and simply operatea t9.^}igUtly 
bend the metal con8tiitt|i5^g*^^*iiet d^^ 
phragm and the suspending strips of the 
scale beam. Thus, in the true sense of 
^^e word, the weighing is affected by no 
friction whatsoever, the only opposing 
force being the moleeular resistance to 
flexure of the diaphragms and the sus- 
pending strips. The great merit of this 

• 

^^S'^nious device is its extreme sensibil- 
ity, the enormous machine at the Water- 
^^n Arsenal being perfectly sensitive 
^ the application of a few ounces of 
stir ess between the cross-beads. 
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QUALIFICATIONS OF TESTING MACHINES. 

A testing machine should possess tl: 
following qualifications : 

First, Accuracy. — The accuracy of 
testing machine should be commensural 
.with the work that it is required to pe 
form. A testing machine used forbreal 
ing bridge bars would not need that a* 
curacy or sensitiven-ess which would I 
necessary in a contrivance designed 1 
test silk thread. 

Second, the Capability of Being Tes: 
ED. — Even the most perfect mechanici 
<;ontrivances are liable to derangemen 
and the testing machine, used for heav 
work, constantly being subjected to th 
most severe shocks, its parts being straii 
«d to an amount exceeding that provide 
for in the original design, is especiall 
liable to get out of order. Obviously, 
machine so designed as to be tested wit 
ease and, facility is exceedingly desii 
able. 

Third, a Design Embracing a Read 
Adaptability to Various Shapes an 
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Sizes of Specimens. — In the miscellaneous 
practice of making experiments on vari- 
ous kinds of material in various stresses, 
it becomes exceedingly important to a 
rapid and economical use of the testing 
machine that it may be readily changed 
from tension to compression, from com- 
pression to torsion, from torsion to trans- 
verse stress, and that it should be so 
planned as to take in a long or short 
specimen with equal facility. 

Fourth, a Rapid Means of Manipula- 
tion. — The method of applying the 
stress, of adjusting the specimen in the 
machine, and of arranging the various 
parts, one with reference to another, 
should be so designed that even in the 
largest machines all the manipulation that 

• 

^ necessary to making a test itself can 
be accomplished by a single skilled oper- 
ator. 

Fifth, Self-recording Devices. — As far 
^8 is possible in mechanical construction, 
the machine should be so planned as to 
^^e its own record. The advantages of 
this may he readily seen in the l«uCi\. \!ti».\, 



it prevents the poasibiiitj" of miatakea ooi 
the part of the operator, who, even with 
the most perfect icuchinea, has bo much 
to do in watching the behavior of the 
specimen during the test, in regulating 
the rapidity and direction of application 
of the stress, as to render it expedient to 
moke the machine itaelf record, as far as. 
possible, all the important facta that are 
developed by the experiinent. In the 
light of the foregoing qualifieattons a 
number of machiues may be now consid- 
ered- 

The Gill machine may be regarded aa 
an exceedingly compact and in many re- 
spects desirable form of testing machine 
for investigating the qnahties of speci- 
mens of materials. The machine oc- 
cupies comparatively little room. It may 
be readily manipulated by means of a 
hand wheel and belt for communicating 
power to the screw. The two cross-heads 
of the machine are accurately bored after 
all parts of the machine are set up. As- 
a consequence of this, the axis of the ma- 
chine coincidea almost exactly with the 
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«xi8 of stress applied by the machine, and 

^ the specimen to be tested be carefully 

turned or planed from end to end, and if 

exceeding care be exercised in setting the 

piece in the jaws so that the center of the 

piece shall agree with the center of the 

testing machine, it is probable that the 

axis of stress will nearly or quite coincide 

with the axis of the piece. The stress 

produced on the specimen is estimated 

by the system of levers placed above it. 

There is, however, no method of testing 

the accuracy of the machine, except by 

calculating the ratios of the levers or by 

taking the machine apart and testing each 

lever separately, and when first built 

there is no doubt of a reasonable amount 

of accuracy. Still there being no method 

of testing the co-efficients of friction of 

the levers in their actual place, and no 

method of ascertaining how accurately 

the entire apparatus weighs, there would 

arise in minds at least some question as 

to the results. The Gill machine is 

simply arranged for tension and requires 

additional appJiances occupymcr ^oxcife 
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coDsiderable time in attachiug aud ad- 
justing to enable it to oiwrate in com- 
pression, while the other atressee, such 
as Bhearing, bulging, punching, torsion 
and the like require special appliances 
not furnished with tbe machine. 

The Oleen machine possesses some 
points of advantage over the Gill. B 
the stress is transmitted through tbe 
specimen to the small platform mounted 
on a different lever contained under- 
neath. By removing tbe cobimns, and 
the crosaheads with tbe screws from the 
machine, weights to any amount may be 
piled on the platform by placing thereon 
a support large enough to contain them. 
By this means it is possible to test the ac- 
curacy of the machine. The use of the dii- 
ferentiall ever may, however, be somewhat 
criticised as beingliable to a much greater 
variation in accuracy than the ordinary 
simple lever system. Here the change 
from tension to compression is compara- 
tively easily made, for all that is ne 
sary is to place the specimen under the 
an the top of it. 
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The change to transverse, shearing aud 
'*>>'8Jon specimtns ia made with coDsider- 
*l>le difficulty. In fact the transverse 
*I>ecimens of any great length are with • 
•Jifficolty accommodated. 

In the Riehle machine, tension and 
Compression specimens are easily ar- 
'^aaiged, but like the Gill machine there 
**■« no facihtiea for testing the machine 
itself, and reliance must be placed on the 
Accuracy and the care of the makers. 

The Emeiy machine exemplifies one of 
Uie best possible contrivances for rapidly 
changing from tension to compression. 
Sere the hydi'aulic support is bo arranged 
*B to weigh eqnally as well on either side 
'^t it. The jack is aostained on the ad- 
jtistiug screws of the machine by two 
•^rge bronze nuts, so that alt that is nec- 
essary to do to change from ttDsion to 
*H>mpre8sion is to reTerse the direction of 
tile fiuid in the jack so as to cause it to 
t^asB from the fropt to the back of the 
pUton. The method of providing for 
different lengths of specimens is esceed- 
■ uyrJf rapiil Afong the bottom, wi \iie 



suachine there passes a driving shaft 
necting with a system of gear work 
turning the bronze nuts. By siinpll|j^ 
-starting the belt for communioatin|p^ 
power to the shaft, these nuts may hm 
turned either backward or forward afc 
pleasure, and the jack in a short time adr 
justed to any different length of spee^ j] 
men. The machine, however, has no i^ 
pliances for making tests in other streBsei 
than those of tension and compression. 
Being a horizdntal machine, it is not bos* 
ceptible .of an easy test. In order to aK- 
certain whether the accuracy of the ma- 
chine is maintained, it is necessary to 
take the weighing end of the machine 
apart, turn the hydraulic support from 
its seat, and build a platform to contain 
the necessary amount of standard weights. 
While there is every presumption that 
the Emery machme, having been once 
carefully and accurately standarized, wil 
for a long time retain this accuracy, there 
will arise in the minds of those subject to 
accurate scientific considerations, that 
the change in the moleewW c,o\i«tviution 
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of the diaphgram and of the suspended 
metallic strips, may sooner or later intro- 
duce some (be it very slight) error in the 
accuracy of this contrivance, so that with- 
out some easy method of frequent stand- 
ardization, the results of the machine are 
liable to criticism. The only method of 
insuring the coincidents of the axis of 
stress and the axis of the specimen is by 
carefully measuring and centering the 
piece with reference to the axis of the 
machine, and in one built on so large a 
scale as that at the Watertown Arsenal, 
much more time may be consumed in this 
process of centering than in any other 
part of the test. 

In Fig. 8 a large machine on the Fair- 
banks' system may be seen, which has re- 
cently been constructed with a view to 
improve on previous machines, and to 
fulfill the foregoing conditions as far as 
possible. The lower part of the machine 
consists of a frame-work of wrought-iron 
I-beams, standing on two heavy cast iron 
^^gs. This frame- work of I-beams supports 
m the center two screws that may be ro- 
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tated by the belt or a gearing shown at 
the left hand. These screws rise in the 
center of the testing machine and carry 
the lower oroas-haad to which one end of 
the specimen to be examined is attached. 
Jnst outside these screws stand a second 
pair of screws, carrying a top cross-head 
for the reception nf the other end of the 
test piece. These screws are suspended 
from a large casting' supported on four col- 
umns that stand on a second frame-work 
of I beams that form a platform of the 
machine. This large platform some 4 ft. 
by 10 ft. stands on four levers in a man- 
ner simiUr to that described in the previ- 
ous testing machine of this svstem. These 
levers transfer their stress to two central 
levers, whence it nma to a couple of 
multiplying levers, shown in the front 
of the machine, and then directly to the 
scale beam. Just in front of the testing 
machine, standing' over the Gist one of 
the multiplying levers, may be seen a 
small frame-work composed of iron col- 
umns, carrying on. its top a liand wheel 
and lever. This is mi a.\\si\wrg 'ift^'ikd^. 



nacliine adapted to making teats on 
aniall apecimens. Tbe large machiue has 
a Capacity of 200,000 Iba., and ia adapted 
to take in tension Bpecimena up to 8 ft. 
in length, transverse specimena to 10 ft., 
conapreasion specimens to 4 ft., and sped- 
Mone in sheering, bulging, punching and 
torsion to the 200,000 Iba. capacity, the 
amalleat reading on the beam being 10 lbs. 
The auxiliary machine is adapted to mak- 
ing teste in tension and compression np 
to 2 ft in length, and has a capacity of 
, 10,000 lbs., and reads to ^ lb. Thus it 
11 be seen that the apparatus is auscepti- 
Me of doing work of all kinds up to ita 
d capacity. Should a specimen 
J wire be presented, it may be tested in 
Lflie aunliary part of the apparatus to a 
BittU-pouDd, rapidly and easily, while if 
10 next specimen be a 15-in. I-bar, 10 it. 
IB length, it may be placed on ta'onsverae 
S of the large machine and broken 
■ » few momenta. The general features 
* the machine being here illustrated, a 
5 complete idea may be obtained by 
wee to tbe following croBS-B6ct\.OTk's.\ 
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the first one being taken longitudinally 
through the center of the machine, and 
the second transversely through the 
main levers of the scale system. The 
cast iron legs supporting the platform 
will be seen here in side elevation and in 
cross-section, the main levers c and c 
hang from the ends of these I-beams, 
supported by two cast iron blocks placed 
over the swinging bearing pivots from 
the loops suspended by pins placed 
through these blocks. The ends of these 
main levers may be seen to be attached 
to the two center levers e and e\ where- 
by the stress is conveyed to the end of 
the testing machine, and to the two 
multiplying levers previously alluded to, 
and thence to the weighing beam. Di- 
rectly under the I-beams, supporting the 
scale may be seen a secondary frame- 
work, carrying the screws with their ap- 
propriate worm-gears. By means of the 
main shaft I, with its system of gearing, 
the worms meshing into the worm-gears 
at the base of the screws may be rotated. 
The power is derived ixoio. l\i^ V>^\1 l\ 



65 

^ch derives a counter shaft set directly 
OTer the main shaft l. By menna of the 
gears on the shaft, Hsveral diffei-ent 
Bpeeila raay be obtained according to the 
ent of the operator aa lie may deem 
it best to apply the stress to the apeci- 
•11811 rapidly or slowly. Directly at the 
light of these multiplj-ing gears is * 
ByBtem of reverse gears very similar to 
those employed in a large engine lathe. 
A lever at the aide of the testing machine 
anables the operator at pleasure to re- 
TCrae the direction of rotation of the 
luiin BcrewB. The worm-gears and moio 
screws are cut respectively right and 
left-handed, so that the friction of one 
neutralizes that produced by the other, 
■'I'l all tendency on the part of the piece 
«• tvyist or get out of order is thereby 
•Allied. On the pivot c of the main 
''spa there stand two castings b'. 
»i6Sfl support frame-work of I-beams b' 
*t forms the platform of the testing 
'^Oine. On these I-beams stand a 
*^TOd set of beams, if, and also the col- 
*'sjand / that support tW caa'Cvo^* 
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from which hang the adjusting screws H. 
The object of these secondary screws ii 
to form a means of rapidly and conven- 
iently adjusting the machine to all the 
lengths of specimens. For example, tlu 
piece in the machine may be 8 or ip in 
in length. At the completion of the teei 
on this piece a bar 5 or 8 ft. will be ih< 
next in order. To make the main screwi 
long enough to accommodate such a vari 
ety of length of specimens, would require 
them to be made too heavy, in order t< 
insure sufficient stiffness for preventing 
lateral vibration. By means of the cranl 
and bevel gears on the upper cross-head 
this part of the machine can be rapidb 
raised and lowered so as to make the dif 
ferent adjustments with great speed. Ai 
the upper cross-bead hangs on the screwi 
H, they are always subjected to tension 
and the compressive reaction comes oi 
the platform by means of the columns 
and j. 

In this machine, while strict attentioi 
is paid to the relative ccDtering of th< 
cross -heads, there is a de\\ceto revoke thi 
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testing machine automatically self center- 
uigf, so that any possible error in the 
setting of the specimen or in the align- 
naent of the machine may be corrected by 
the apparatus itself. It will be noted 
that the cross heads h and c are ex- 
tremely large and are provided in the 
center with a spherical socket. In this 
socket there stands a segment of a sphere, 
carrying the wedges for gripping the 
test piece. 

Iiet it be supposed that the specimen 
is placed in the machine eccentrically. 
As soon as any application of stress oc- 
curs the piece swings, and moving the 
spherical segments in their sockets, ad- 
]Usts them so as to render the axis of 
stress coincident with the axis of the 
piece. The spherical sockets are lined 
with an anti- friction metal, and the 
spherical segments are of polished steel 
Constantly lubricated. As a result, the 
Coefficient of friction falisas low as about 
^ per cent., and the weight of the seg- 
ments being less than 200 lbs., the total 
^OBB BbreBB that could come on. airj "^V^q.^ 
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previous to tbe mo-vement of the aegmeni'] 
is about 10 lbs. Inasmuch as the speci- 
menB to be tested in these machines will 
always rise nearly to 100,000 lbs., this pos- 
sible cross strain of 10 lbs. can be regai " 
ed as an error not large enough to toll 
into account. The facility with wMd| 
teats in other stresses may be made ( 
be readily understood from the esampls 
in compressive and transverse streBl 
The two anvil blocks 40 slide 
screws 42, and tiien the I-beams A n 
be readily and qaickly ruii id and i 
by means of the crank 4^, eo as to ads 
the testing machine to any length of s; 
either equal or unequal from the cents 
of the cross-heads. On the top of t 
anvil blocks the piece for transverse t 
amination is placed, resting on the jaM 
44, which are semi-cylindrical pieces < 
hardened tool steel. The object of the4 
jaws is to facilitate the deflection of U' 
teat piene unde» sti'ess. Right i 
the cross-head c a, tnungular nose i 
is placed, which, by the action of 1 
cross-head, is depressed aui ViTo-a^^i < 



^ top of the transveree specimen. As 
'*st as the piece deflects the Jews 44 
^''ing in their sockets and adjust them- 
^ves to the constantly increftsiiig de- 
flection of the piece, swinging around 
'oeir centers and bo preserving a uniform 
length of span, while a broad bearing 
*^ constantly maintained under the test 
t>it!Ce, and any tendency to cut its 
^ges is thereby avoided. Simply re- 
*noTing the transvei-se specimen, a com- 
^tteasion test may be made by placing 
Under the crosa-head c a heavy iron 
plate for the reception of the specimen, 
and continuing the downward motion of 
the croBS-head. It will thus be seen 
that the changes from long to short 
Specimens, and from one kind of stress 
another may be readily and easily 
.bade in this form of testing machines, 
Veqniring only manipulation enough 
mply to introduce the piece to be testr 
I in its appropriate place, while the 
tpachine itself is constantly ready for 
my of the different forms of stress. The 
) may be said of the appliances for 
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shearing, bulging, punching, torsion and 
the like. 

The platform of the machine, as 
has already been stated, has consid- 
erable size, and when the machine is 
built each lever is sealed separately, that 
is, the lever is hung up from its fulcrum, 
and standard weights are placed on the 
pivots, and the distance between the 
edges slightly varied until these weights 
exactly balance each other. After the 
machine is erected in place, standard 
weights are piled on the platform, and 
every graduation on the beam is adjusted 
to the weights previously placed on the 
platform. It is obvious that the accu- 
racy of the machine is not dependent on 
the calculation of lever ratios, or on any 
alteration in the parts of the testing ma- 
chine, but inasmuch as the platform gives 
sufficient size on which to place any de- 
sired number of standard weights, the 
machine can at any time easily and in- 
expensively be proved to be either right 
or wrong ; in fact the weighing of ones- 
self on the testing machine by simply 
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I Bteppingr on the platform ie a aimple, ac- 
I curate, and very expeditioua mode of 
P mating an esaminatdon of thie kind. Re- 
gsrdingtheaensitiveneBsancI the accuracy 
of the lever system of testing machines, 
tlie foilowing experiments may be quoted 
as derived from actual practice ; 

A machine, similar to the one illustra- 
tfid in Fig. 8, has been constimtly in use 
in the '■Department of Tests and Ex- 
periments " for the past two years. The 
following experiment was made witliin a 
month : When the machine was entirely 
unloaded, weight of $ lb. of the platform 
oanBed the beam to vise promptly. A 
M then introduced into the 
I 100,000 lbs. placed on the 
llatiorm, when a weight of C lbs. caused 
IB beam to move equally with the origi- 
tl I lb. Inasmuch as this machine has 
subjected to the wear and tear of 
II sorts of tests, it may be considered 
llBt a weight of 6 or 7 lbs. is probably its 
mum error, even tinder the moat se- 
reloads. The least reading on the poise 
K the beam in question is 10 Vba. ao yoaA, 



{ 



62 



its sensitiveness and accuracy are with- 
in about 60 per cent, of the least read- 
ing on the beam ; consequently if all co- 
efficients of friction and inaccuracies of 
mechanical construction are eliminated 
within half the smallest beam reading the 
machine may be considered practically 
correct. Again, with regard to what ex- 
tent it is desirable to carry the accuracy 
and sensitiveness of a testing machine, it 
will be generally conceded that engi- 
neers rarely care for anything in fuU- 
sized pieces beyond tbeimndredths place 
of figures. There are few lathes in the 
country that may be rehed upon to turn 
a test piece perfectly round. There ai'e 
fewer men who, with a tool capable of 
such extreme accuracy, have the skill of 
manipulation sufficient to produce a per- 
fectly round piece, and there are still 
fewer gauges whose delicacy and accu- 
racy are sufficient to measure a test piece 
of an inch or more in diameter to an er- 
ror less than a thousandth of a square 
inch. Now, if it is impracticable to 
measure the area of the test piece less 
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than one tliousatidtli of ti square iuRh, 
which in iron con-esponds to a variation 
in the testing maclune of 50 lbs,, nnd in 
Bteel to a variation of 80 or ilO lbs., and 
if tie testing machine reads to J or ^^ of 
the possible en-or of measurement in the 
t*8t piece, is it not more desirable to 
direct endeavors to a more accurate 
gauging, rather than to a refinement of 
the weighing capacity and sensitiveness 
of the testing machine 1 Of course, in 
lUtking experiments on turned or ma- 
dhined test pieces, accuracy of measure- 
ment and of weighing are both desirable, 
but the knowledge to be derived fn ni 
such test pieces is simply the knowlet^ge 
of the character of the material of which 
Uie piece consiets. While the quality of 
the materials is a very important item, 
the oonsideration in the design of a stnic- 
tare the actnal strength of the various 
members employed is, to the practical 
engineer and architect, of far greater 
importance. To cut a piece out of the 
cent«r of an I-beam and to break it in a 
testing machine may give the iii^eaXA^aX'jt 
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a knowledge of the material of which 
beam is composed, but when it is wishe 
to know what load may be safely put o 
that beam when placed on the floor of 
building, it is necessary to know the a< 
tual strength of the beam as a whoL 
and not the theoretical quantity obtaine 
by calculation from a test piece, broke 
under circumstances entirely dififerei 
from those which occur in actual use < 
the beam. Consequently the info: 
mation desired at the present day is ( 
the actual strength of members employe 
in construction, just as they are UBe< 
rather than that of carefully prepare 
test pieces which are broken imder esp< 
cial circumstances. 

The difficulty of measuring a test pie( 
increases about as the square of its siz- 
Tf the piece be carefully machined, tl: 
errors of measurement may be estimate 
to be from ^dVit ^o j^*^ of a sq. in. p< 
inch of area, while if bars direct from tl 
mill are to be experimented on, the e 
rors induced by variations in rolling, l 
^awp, seams and mec\\\sA\t\es, by oxid 



66 

tioD aod sca3e ou the piece, may nrise to 
an extent so large, that in I-bars of from 
i h 8 Bqunrn iucbeB id area there ma; 
be ftn error of j^ or ^^ of a sqiiare 
inch. Thus, a possible eiTor in the 
meaaureiueiit of the test piece con'e- 
spocding to from 2,500 to 4,000 lbs. may 
be introduced ; coDsequently, if the test- 
ing machine is reliable to 25, 50, or even 
loo lbs., and the error in the measure- 
ttient of the test piece may amount to lO' 
M Or 20 times tliat quantity, the refinement 
I of the testing machines seems to be 
Qftrdly so much desired as refinement of 
*Oeaanring tacibties. 

One of tlie largest items of expense 
In making tfists has been the ne- 
cessity of carefully preparing each 
t«at piece to a<:lapt it to the jaws of 
the testing machine. In many maohinee 
it haa been necessary to select a piece 
considerably larger than was desired, and 
turn or plane it in the center so as to se- 
cure it to the testing machine. In fact, 
Lne specimens not long ago tested on 
e of the Rcidman machines in Waak- 
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ington, the author was infonned i 
some small test pieees of steel aboui 
in. loDg and half an inch in diameter c 
$10 each, simply to prepare them to 
placed in the testing machine. T 
large item of expense has a very depre 
ing effect upon the tendency to make 
periments on the strength of mater 
The machine now under considerati 
has been specially planned to take in s 
tions of any shape whatsoever in origi 
size, so that those desiring to make • 
periments on real shapes, such as 
beams, channels, stars, and even rail^^ 
rails, can simply cut a piece off the bar 
question, send it to the testing machi 
have it broken without the necessity 
any machine work. 

The spheri<5al sockets previously 
luded to for suspending the grippi 
wedges have four sides. These si( 
are inclined to the axis of the machine 
an angle of about 12 degrees — two 
them being curved and two of them 
ing straight By means of a series 
wedges having carves and straight bad 



pieces of any Bection whatsoever may be 
pWed in the testing machine and com- 
pletely 8iirrounded by the gripping 
p 'hedges, ao that the stress of the testing 

» machine is firmly and equitably distrib- 
tated over the entire teat piece. Of course 
Ibis applies simply to bests made in ten- 
sion, wliile it will be perceived that trans- 
Terse and other teste may be accom- 
plished by similar contrivances. 

Referring to Fig. 10 (the cross-section 
of the machine), it will be seen that the 
Iiattery G is attached to tlje top of the 
adjusting screws TTTT . These screws 
are carefully insulated from the rest 
of the machine by standing on rub- 
: bases and pa&sing; through rubber 
tshings held in the interior of the top 
ksting, consequently these screws, with 
r corresponding ci-oss-head, are elec- 
trically insulated from the rest of the 
testing machine, and being joined to one 
pole of the battery, form the only means 
by which the current can flow into the 
uaachine itself. As soon as the test piece 
la connected with the top croBa-keflAtti' 
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comes thereby connected witli the batte 
On the lower end of the specimen n 
seen a small clamp cai'rying an & 
magnet. One end of the wire o 
magnet is in connection with the Bpe| 
men, while the other end of the wire^ 
joined to a little binding screw c 
the magnet, to which the other pole 
the battery JH attached, so that the c 
rent actuating this magnet fiowH thronj 
the test piece under examination. An 
netic clutch M, for holding the drivl 
belt OD the tight pulley, is also ii 
in thJB part of the battery circuit 
long ae the specimen remains intact t 
current flowing from the battery, exciti 
the two magnets and attracts their a 
tares. When the rupture of the i 
piece occurs, the current is at the a 
instant broken, the magnets are dem 
netized, the magnetic clutch M i 
leased, the belt slides, by meai 
a counterpoise weight, to the loi 
pulley, and the testing machine i 
On the top of the specimen nean 
the upper cross head is attached a a 
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ip, carrying a small abeave or pulley. 
Ajound this pulley, parallel to the speci- 
men and ftttacbed. to the armature of the 
lower clamp magnet, passes a tiesible 
3teel tape y. RefeiTiDg to Fig. 11 an 
enlarged view of the specimen and 
damp with its magnet may be setn. 
Here it will be noticed that the tape, 
after passing alongside the specimen, 
I'ttuB down to a pencil, or stylograpbie 
ptfn that is held in a cijj-riage, placed 
over a metal cylinder carrying a wheet of 
-roBB-aection paper. It is at once obvl- 
>aB that aa fast as the specimen elon- 
gates under the action of the etrese, the 
•encil is drawn along tbe cylinder par- 
Uel to its axis. This axis (the axis of x 
I analytical geometry) is assumed to be 
le axis of elongation. Inasmuch as the 
roBB-section of the tap« is very large 
1 comparison with the friction of the 
encil carriage and the supporting pul- 
*J8, the tape itself is su-bjected to com- 
axatively little Btress, and Ib always kept 
ight and in its place by means of the 
Qunterpoise weight y' -, consequently, 
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every deformation of the speci 
accurately recorded on the cross- 
paper by a corresponding motion 
fro of tile pencil. In actual pra 
may be aaid that the record of thi 
eection paper corresponds within 
an inch to the elongation meaeu 
the specimen, and this for ordin 
perimentai work is sufficiently ne 
will be noticed that the clamp is at 
with a spring and screw lo. These 
are employed for securing the cIb 
the specimen, and the spring ser 
take any rednction of area caused 
drawing down on of the piece, s 
constantly keep the clamp tightly si 
in its place. Nearest to the n 
the side of the clamp is su 
with two edges, one rounded an 
sharp. The sharp edge slightly in 
itself into the specimen and securt 
clamp rigidly into its place, whil 
round edge forms a zero mark from ■ 
the percentage of stretch may be n 
calculated. The top clamp is madi 
coiTesponding mamier, aui \ 
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i«iges are placed neit to the jaws of the 
iirosB-heftda. Consequeiitly it is very 
nre that a epecimen can break outside of 
these edges, and they then form data 
marks of reference, from which the de- 
formation of the Bpecimen may be calcu- 
The autographic record of the 
of the specimen is by this 
made plain. It now simply be- 
necessary to record, at the name 
lu stress producing the deforma- 
Tnming to Fig. 12 an enlarged 
lew of the beam with the registering 
cylinder may he obtained. From this- 
iUnBtration it is perceived that the beam is 
vo parts, a top bar and a 
lower bar, each carrying its appropriate 
large poise is ten times as 
ueavy as the small one, consequently the 
■nwll one mast move ten times as for as 
fllB large one to produce a corresponding 
efiect on the scale. The entire travel of 
fl«s small poise is equivalent to a weight 
*( 10,000 in the testing machine, while 
entire travel of the large one is equiv- 
lent to the entire capacity ol 'iQO,ftWi \\s%. 



f 



On the end of the b 
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mercurj cups 16 and 17. The skeleto 
view of the beam with its apparatuflf 
shown in Fig. ) 3 may perhaps rendw 
this operation n, little more obvious. 
From the lower cross-head of the testing! 
macIuDe, connect-ed with the specimen, 
the electrical current flows into the bntt 
of the beam. The two mercury cups at 
the end of the beam are bo arranged that 
when the betim is in the center neith^ 
cup is included in the electrical circuit 
which is consequently broken. If th<| 
force on the platform increases, the bean) 
rises and the upper cup is brought into 
circuit and the current flows. Shonld | 
the weight in the testing machine de- 
crease, the beam falls into the lower cup^ 
and the electric circuit is 
by the drop of the beam, 
poise is connected by means of the steel 
take with a Uttle countershaft r. This 
countershaft is joined by an open and 
closed belt to tv^o magnetic clutches (' 
and ('. These clutches are placed upon 
the shaft that is driven Vi^ ttie tAoatw**** 



s also completed 
i lower 



Wfaeu the beam rises, the magnetic 
ejntch (' IB excited by the completion 
of the circuit through the mercnry cup 
As a consequence the small poise ia 
itEmedifttelj drawn out along the beam, 
tending to rebalance it. Should the mo- 
tion of the poise equal the weight on 
the platform, the beam then Biuks to 
the center, the circuit is broken, and 
poise stands still. If the force 

the platform decreases, the beam 
drops into the lower cup, the magnetic 
dutch (' ia excited, the cross belt p^ be- 
gins to move, and the poise is moved 
backirarda on the beam, tending again to 
rebalance it. Returning to Fig, 12 a 
switch will be seen at 21, so placed that 
when the small poise reaches the maxi- 
mum extent of its travel it strikes against 
this switch and automatically closes the 
electrical circuit through the magnet o'. 
The effect of this circuit is to excite the 
magnet, release the large poise 3', and 
canae it to move out -^^ of the travel on 
the top beam, which is exactly equivalent 
the total travel of the small poise on 
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the lower beam. InstantaDuously T 
the motion of the large poise the beat 
STiperweighted, drops, cloBUig the circi 
in the lower cup and returns the smi 
poise to the butt of the beam. It 
plixin that the rise and fall of the bea 
absolutely controls the motiou of tl 
poises, as the beam forms an aufomal 
shunt for so circulating the electric cu 
rent as to cause the poises to move 
and fro. This motion of the beam 
entirely dependent on the pressure e 
erted on the platform, so that a piece h 
ing placed in the testing machiDS tl 
weighing may be done by the machii 
automatically in a way far more aenaiti 
and accurate than is possible to accoi 
plieh by any hand labor however skille 
In order to accomphsh the regiatratii 
of the motion of the poises which is i 
that is necessary to record the stress < 
the specimen, the cylinder previous 
mentioned is magnetically connected wi 
the shaft r, so that as fast as the pois 
travel out, a worm-gear connected wi 
the magnet on the cylinder causes t 



cylinder to revolve circmnferentially, thus 
making the axis of y tlie axis of streas. 
The motion of the pencil, aa previoualy 
Ime been shown, records the deformation 
of the specimen, while the motion of the 
cylinder records the motion of the poises. 
By BO proportioning the pitch of the 
worm-gear that an inch on the circumfer- 
ence of the cyhnder corresponda to a 
definite number of pounds on the testing 
machine, ifc becomes an easy matter to 
lead from the motion of the cylinder the 
amount of force which has been applied 
to the specimen, conseijnently the curvi- 
linear line that is mai-ked on the cross- 
Motion paper by the coonhined motion of 
tlie pencil under the influence of the tape 
Bud of the cylinder, gives a record whose 
absciesie and ordinates are measures re- 
Bpactively of the stress to which the piece 
■9 suhjected and the resulting strain. As 
won as the piece breaks, the current which 
actuates both the motion of the testing 
machine, the motion of the tape and the 
"lotion of the cylinder is ruptured. The 
inadiine stops, the poises etacd atiWoai 



the pencil comes to rest, leaving the rec- 
ord on the oroBB-Bection paper for any 
future inspection. 

The precedinpt method of obtaining 
autographic diagrams posBeBsea many ad- 
vantages for adapting it to testing ma- 
chines that are to be built especially com- 
pactly. There is another method of ob- 
taining the same results, whereby the 
registering cylinder may be located at 
any distance from the the testing machine, 
in Figs. 14 and IS are two photo-engrav- 
ings from the beam and the registering 
cylinder employed in the " Department of 
Tests and Experiments.'' In Fig. 14 it 
wiU be seen that the beam consists of a 
single bar suspended on a stand at ona 
end and enclosed in a guard at the othfii|L 
while on this beam there rests a sentlg 
circular brass bos forming the poi8«> 
Along the top of the beam, there is eid 
an exceedingly fine rack and the motion 
of the poise is obtained by apinion placed 
inside of the box and gearing into thia 
rack. At the end ot the beam may be 
seen the mercury cnpa cWuitA ^ 



former method for makiug tbe electric^t/ 
connection as the beam riees and falls. 
The operation of this piece of aparatuB is 
BubataDtially as follows : Tbe clock-wort 
motor for driving tbe poises to and fro 
on the beam, ia connected with the mer- I 
CU17 cup by means of some brass strips I 
placed in tbe rear of the atee! bar form- 1 
ing the beam. These strips are connected 
with two electro magnets on tbe inside of 1 
the poise, consequently when tbe beam 1 
either rises or falls, one or the other of i 
the magnets is excited, the corresponding 
train of clock-work thrown into action 
and the poise gradually rolls to and fro 
nntil a balance iu re-established. This 
part of the apparatus, that is the accom- 
plishment of the motion of tbe poise to 
and fro on the beam, is exceedingly sim- 
ple. Tbe knotty part of the problem 
being to correlate the motion of thepolBe 
with tbe motion of the cylinder exactly bo 
that in a given travel of the poise along 
tbe beam, the cylinder may move a ot*- 
responding quantity. Of course the ratio 
between the two movements is simply a 
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iBatter of proportioning so aB to accommo- 
^fe the ordinary croas-aection aheet to 
the circumference of tie cylinder, but an 
eaet and constant ratio were very im- 
portant. To Bolve this problem was to 
accompliah the solution of one similar to 
the aatograpbic telegraph or electric 
clock and similar pieces of mechanism, but 
with some peculiar features arising only 
m this special instance. To go a little 
more into detail of the poise, there are 
♦mclosed in a brasa bos two large wheels 
about 8 in. in diameter. The wheel placed 
nearest the front of the poise is gradu- 
ated with a series of nnmhera, oorre- 
Bponding to similar weights in the testing 
machine. The pinion carrying the poiae 
along the beam is an inch in circumfer- 
ence, and consequently a single revolu- 
tion of the pinion carries the poise one 
inch along the top of the beam. The 
dial wheel is secured directly to the pin- 
ion abaft ao that there can be no backlash 
between the two, and being 8 in. in diam- 
eter one revolution of the pinion cauaea 
the dial wheel to travel 25 in. in circum- 



feo^ence. In the teatiiig machine in quefl— 
tion, & motion of an inch along the beauza 
corresponds to a weight of 4,000 IbB. in^ 
the machine ; and the dial wheel bein^g 
graduated into 400 parts, encb gradiiatio^« 
corresponds to a weight of 10 lbs. in th- 
machine. The other wheel is constructec^ 
in precisely the same manner as the dia^M 
wheel, excepting that in the place of th»^ 
graduated marks there are little strips o:^ - 
India rubber so that the wheel presents ^* 
aeries of teeth, alternately made of indi^» 
rubber and of brass. On the circumference* 
of this wheel, there presses a brass com- 
mutator strip BO arranged as to include 
thecylinderin its electrical circuit. When 
the poises commence to move along the 
beam, the teeth, alternately of metal and 
rubber, move under the commutator strip 
and with every passage of a brass tooth 
under the strip, an impulse of electric 
force is transmitted into the cylinder. In 
Pig. 16 a defaiied view may be seen taken 
from the working drawing of the cylinder. 
Inside of the cylinder are two toothed 
wheels, which are mounted on a central 
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shaft and are capable of being ratcheted 
•oiind by meaiiB of tlie little le^er arm 
Kud pawl, operated by a magnet placed 
directly under each of the wheels. One 
of these wheels is intended to drive the 
cylinder in one direction, and the other in 
t contrary one. One electro- magnet is 
iconnected with a mercury cup on the bot- 
tom of the beam and the other with a 
mercury cup on the top. Consequently, 
when the beam makes connection with 
cdther cup and the beam commences to 
, the corresponding electro- magnet 
in the cylinder is excited, the armature 
is attracted and commences to ratchet th& 
cylinder wheel around. By means of a 
series of gears placed at the extreme 
right-hand of the cylinder, the drum is 
moved one way or the other in such a 
proportion that the motion of the poise 
may be accurately correlated with the 
motion of the cylinder. If the gears in 
ihe cylinder are accurately cut and prop- 
erly proportioned, and if the armature of 
each magnet makes one stroke for every 
tooth on the poise wheel, the cylinder will 
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be moved to an amount that is f 
commensurate with the poise itself. 
firBt it may perhaps seem that e 
ate Bu arrangement would he almost U| 
possible to construct, yet the same C 
atacle is presented in all macbineB 1 
precision, but nobody objects to an < 
gineer's transit or to astronomical telaj 
scope in consequence of difficulties in c< 
struction. 

In machines already built it has I 
found perfectly possible to so correlate ^ 
the motion of the poise with the motion 
of the cylinder that in the entire travel of | 
each one, there should be a discrepancy ' 
between the two of less than 1-100 of an 

If the strip of cross-section paper on 
the cylinder be 40 in , long giving a stress 
of 4,000 lbs. to the linear inch, 1-100 of 
an inch corresponds to 40 lbs. This is 
about as fine a reading as can practically 
be made on cross-section paper, and as 
it is 4 times as large as the smallest read- 
ing of the poise it is obvious that this 
error of 1-100 of an inch on the entire 



Ivel of the cylinder is too small to be 

any practical value. 

Oyer this cylinder is a track carrying a 

tie carritige and pencil connected with 
Be specimen by meane of a steel tape, in 
I manner similar to that previously de- 
Cribed. The cylinder and the poise are 
nly connected, in a manner similar to 
liB oounection existinj" between two tele- 
nph BtatiooB, consequently, if desired, 
M cyhnder may be placed in one locality 
id the testing machine in another, bo 
Wit is perfectly possible for the cylin- 
(r to be entirely exterior to the control 
I the operator manipulating the testing 
•chine. 

Fig, 17 gives a photo- engraving taken 
tna a sheet of cross -section paper bearing 
bait dozen of the curves autographically 
fftvn by the testing machine. In this 
jOstration the croES section paper has 
ten mled in feet and decimals of a foot, 
id each of the specimens were one foot 
tween the stretch clamps ; consequently 
e percentage of stretch of the specimen 
ly be at once read from t 
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ured by the coutinuiiig action of tl 
Htreas in the testing mMhine, breaking 
one fibre after another, in very much the 
earns way that a rope or cable is parted. 
To give a general record of a test it is 
beheved that the autographic method la" 
without parallel. As here described, how- 
ever, it ia not sufficiently accurate for 
careful iiivestigatioc, iato the limit and 
the modulus of elasticity. For instance, 
it is impossible to read on the cross-sec- 
tion paper nearer than about 100th of an 
inch, and any arrangement to magni^ 
the stretch up to the elastic limit would 
BO increase the elongation after passing 
that point, as to extend the curve beyond 
the capacity of the cross-section paper 
that is of an ordinary sheet. The auto- 
graphic diagram will give the elastic limit 
within 1000 lbs. per square inch ol cross- 
section and the modulus of elasticity 
within 100,000 lbs. Yet for many pur- 
poses it is desired to obtain a more accur- 
ate approximation to these quantities, anil 
in Fig. 18 may be seen an illustration of 
a piece of apparatus de\i&fcii. V.^ GkA»j 
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point of its lengtii than the testing 
machine can keep pace with. Conse- 
quently, the BtreBB on the apeoimen de- 
•^'■ssBflB gradually, while at the same time 
iQe strain rapidly increases. As a conse- 
quence of this, a third point of inflection 
■^oiiTs, the tangent inclining toward the 
wis of strain, and changing from a posi- 
tive to a negative value. This proceeds 
iiDtil the specimen is niptured and the 
apparatus comes to a stand still. 

The otlier three curves given here were 
'"^Ae by a piece of hoUer plate and two 
specimens of muck-bar. These are ex- 
■^edingly good illustrations of the value 
"t the autographic method. It is well 
">own that both boiler plate and rauck- 
I'at are decidety non- homogeneous, and 
*^ a result here the curves are exceed- 
"^ly irregular, especially after passing 
'he elastic limit. While a genera! resem- 
blance may be traced to the preceding 
Ones, thej are full of points of inflection, 
&nd would seem to indicate that the ma- 
terial, being made up of fibres which were 
alternately elastic and brittle, was rupt- 



William H. Paine, of the East River 
Bridg-fl, and used by bim there in ths in- 
vestigations of the steel to be used in the 
trasfieB. It will be seen that the appar- 
atus consists of two steel bare A. and B, 
ao arranged as to sHde parallel to each 
other. At the ends each bar is supplied 
with a knife edge, F held in the sliding 
piece of braea M, which may be adjusted 
at the end of the bar. By means of these 
knife edges the whole apparatus may be 
•clamped to the specimen by the use of 
ttie springs G. On the barAjasroallsteel 
projection O. bears against one of tiie 
tnife edges of the multiplying lever E^ 
and the other end of this lever comes in 
contact with a supplementary vernier and 
Bcale D, E, Now as the piece under exam- 
itifttion elongates, the Lars move by each 
other, the multiplyingleverC turns on its 
fnlcrtun, pnahing the vernier D outwards 
along its scale. Thus it is obvious that 
the whole apparatus after being placed 
on the specimen works entirely without 
any intervention from the operator. 
In tie case of micrometer bctcn^s \t\ift- 



oomea a pretty difficult matter for the 
same person to make readings twice 
alike, on acconnt of the varyiDg coeffi- 
cient of friction and of the Tarying per- 
sonal equation. And again the operation 
of making a reading with micrometer 
screws is exceedingly slow, and should, 
as in the hydraulic machines, the presB- 
ure have any tendency to relax, it is al- 
most impoBsible to obtain a correct read- 
ing, whereaa in the gauge iu question the 
reading may be made as fast as the eye 
can gauge the coincidence between the 
Temier and the scale. In fact, in making 
many thousands of tests in the East 
Riyar Bridge, at the Cambria Iron Works, 
the author used this instrument, and em- 
ploying one man to place weights upon 
the beam of the testing machine, was ac- 
customed to sit where he could see the 
vernier of the stretch gauge, and the 
moment that the beam raised to catch 
the reading on the scale, so that the en- 
tire operation of making a test on a bar 
one foot long, and an inch square, Id- 
cluded the taking of some 20 to BO read- 
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ingB, did not occupy a time of more than 
S tu ID miniiteB, whicli is a speed never 
to be obtained by any anangement of 
micrometer screws. By means of the 
extension piece and «lamp L and M, the 
Bliding bars of this apparatus may be ex- 
tended to any entire length, and by this 
Jneans it becomes an exceedingly valu- 
able instrument in the investigations of 
^tteSB which occur in structures already 
Existing, auch as bridges, roofs and the 
^ite. As a case in point may be mention- 
^*i an examination made by the author at 
'■■le opening of the new cantilever bridge 
^t Niagara. Two gauges were employed 
^t the test of the cantilever bridge, ver- 
**ier a being screwed to a tie-bar of the 
"tjruBB extending over one panel, and ver- 
*Xier b attached to the bar extending over 
"t-wo panels from the anchorage end of 
the cantilever on the American side, Ver- 
Ijier a extended over a distance of 4.76 
feet, and vernier b over a distance of 5 
feet of the bars. Readings taken at the 
various points at which the loading trains 
came to a stand, and gave the exteusiona 
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produced by a quieecent load, during th 
movement of the trains, the vemiere flul 
tered a little, showigg even at sligh 
speed that there is a sensible effect froi 
the shock, and as a loaded train movei 
off on the American side there was 
negative reading of about TBfJ-jnr "f 
foot, showing a alight compression in th 
tie-bar. The following are the reading 
of the verniers reduced to a length 
one foot of bar ; 
Train at Canadian abutment, 

Ternier a iMbu 
vernier o y o J 8 o i 
Traill at Canadian tower, 

vernier a ,jrJ!in 
vernier i jB-J-fn 
Train at Canadian end of center span, 

vernier a -j-sV^r'n 
vei-nier b r^\^ 
Train at American abutment, giving thi 
masimum stress in the rods under ex 
nmicatioii, . . vernier a -j utt in 
vernier i ^^r^ 
Center span entirely loaded, 

vernier a ttjWV, 



Brid«re unloaded, verniers returned to- 
zero. ABBuming the modulus of elaatic- 
itj- on the eye-bars at 32,000,000 lbs., the 
following stresses per square inch are ob- 
tained frOKi the preceding Jneasure- 
Qaents : 

Bar extending from two panels, 6780' 
K>OundH per square inch. 

Bar extending from one panel, 5280 
E*<junda per square inch. 

Thus far vertical testing machines have 
*^«e«pied our attention. With the ex- 
—■option of the Emery testing machine,. 
here are few machines of this class 
^hOB6 points of excellence demand at- 
intion. 

During the conatruction of the St. 

^IjDuis bridge. Capt. Bads built a couple 

^f large horizontal machines, haying a 

capacity of 500.000 lbs. While these 

"anaohines, however, were superior to any- 

■thing of the kind at that time, they were 

^ft not Bufficiently accurate to give results 

^^Lirhich were received with great confi- 

^^L'dence- They simply consisted of a long 

^HliABTif framework, cafrjing a etOBa\i&aA. 
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at the one end, witb n hydraxUxt 
& pressure gauge attached foi 
the specimen.. Coosequently 
method of estimating the ai 
stress applied was by calcnl 
pressure per square inch on thi 
was uoncluaively shown in es 
with file Watertown machine, 
cients of friction in the jack ftr( 
ly varying, 'sometimes introduc 
as high as 40 per cent, of i 
stress. Several' long horiztml 
machines have been built by 1 
Bros, for tlie purpose bi makii 
chains, &c. These, however 
small capacity, rarely rising ov 
three hundred thousand poun< 
the oldest horizontal machine 
capacity is that used in the ^ 
Navy Yard for investigationF 
cables, and with which all of t 
inary work of the V. S. Board i 
and steel wa^ made. This ma 
sists of along horizontal framew 
onry, carrying a hydraulic jack 
with a scale at the other compt 
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I levers. On tbe extremity of the second 
l«ver there hangs ft large platform upon 
"wliich a series of weights may be piled aa 
'sst as the stress upon the specimen in- 
*^i"6ase8, due (o the action of the hydrau- 
lic jack. Of course this machine is la- 
**orious and cumbersome to manipulate, 
"**& account of the large number of heavy 
'^eights that have to be actually lifted 
*Dd piled on the platform of the scale. 

In Fig. 19 may be seen an illustration 

^'f a large horizontal machine which has 

]Ust been constructed by Messrs." Fair- 

'^ftnks &. Co. for the Edgemoor Iron Co. 

Tbis machine consists of a long horizon- 

t*l framework of wrought iron channels, 

ijKm which travels a hydraulic jack, 

"dairying a three-piston pump, and driven 

*>j a belt supported on two idlers at the 

*iid of the frame. To accommodate the 

different lengths of specimens tbe jack 

<!an be ran to and fro along the frame at 

pleasure, and be secured by means of i 

heavy steel pins which pass directly 

through each of the four columns oom- 

; the frame, between the parts of 
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which run ateel lugs connected rigidly 
the jack. A. system of valves on the f 
provides for the admission of fluid 
both sides of the piston, so that the jac^ 
may be used either in tenaion or compre^^ 
Bton at the pleasure of the operator. A-' 
the front end of the testing machin^ 
there stands a large bed plate of caa^ 
iron, to which the columns are attachi 
and which also snpportB the weighi 
mechanism for estimating the stresf 
This mechanism consists of two Leai 
levers hung from the framework of 
beam, so as to swing directly in front 
the cross-head of the jack. On the ceni 
pivot of these levers there is hung a 
second cross-head for the reception of 
the other end of the teat piece. By 
meaus of two horizontal links these levers 
are attached to two knee levers for trans- 
forming the horizontal stress into a verti- 
cal one and carrying it to n differential 
lever "which" conveys it directly to the 
beam. The beam in this machine is an 
autographic beam, and the registering 
cylinder may be seen just behind it The 
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principal feature of this macliiiie, which is 
•lifiFerent from those heretofore deHcribed, 
IB the ease and facility with which it may 
l>e changed from tension to compression 
and conversely. Inasmuch as the jack is 
ttie double-acting one, all that is necessary 
m the straining mechanism is to alter 
the position of the valves at either end, 
so as to change the direction of the fluid 
ID the pumps. The jack, being secured 
■■o the frame by means of pins passing 
'directly through the columns no change. 
** all is necessary in this part of tjje .ap-i 
ParatuB, and the only remaining detail is' 
** arrange the scale system so as to 
L wei^ji^ equally, stresses in tension or com- 

Ksioii. 



In Pip. 20 


may be 


seen an enlarged 


Btail of the D 


ain leve 


s, with the device 


hereby thia 


change 


is readily accom- 


liBhed. Here 


it is see 


1 that these levers 


l« fmrniBheu 


with 5 pi 


ots, the lower one 



uing against a projecting toe on the 
a casting- The center has two edg'ss 
pBtead of one and is surrounded by the 
: forming the cross-head. The 



next one bears agninst b projection is- 
suing from the front of the main casting, 
while the two on the top of the lever ■ 
have seats in the link for conveying the < 
stress to the knee levers. Huppose, for ' 
example, a, piece in tension : as soon as ■ 
tbe jack commences operation, the tend- 
ency is to puil the lever towards tbe 
jack, the lower pivot catches against the 
toe of the main casting, and the linear 
motion is now converted into a rotary 
one around this pivot as a center, and the 
stress of the jack is conveyed to tbe knee 
lever by means of the link joining the 
two. Suppose the tension piece to be re- 
moved and tbe compression test substi- 
tuted therefor, the tendency then upon 
the operation of the jack is to posh the 
main lever away from it, and towards the 
large casting, J of an incii play being al- 
lowed between tbe vertical lines of the 
pivots ; tbe lower edge moves away from 
tbe toe of tbe casting, and the third edge 
strikes against its projecting seat The 
result, as in tbe previous case, ie to 
change themotdon of tbe lever into a ro- 
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tary one around its pivot edge, and the 
stress produced on the jack ia again con- 
certed into tension on the link connect- 
"»e" the top of the main lever with the 
■Oee lever ; or, in other words, when the 
''lachine is acting in tension, the mnio 
levers are levers of the second claea, and 
"^iien it is acting in compression they are 
^^Verg of the first class. By proportion- 
"^^ the pivot distances so that the multi- 
plication is in both cases the same, & 
^•*-'*igle set of levers answers both for ten- 
^*3u and compression by simply turning 
'^'^wn the httle eccentric handle shown at 
*^e top, and throwing either one or the 
"ther of the link pivots into play. This 
**^ aching in question has a capacity of 
^^0,000 lbs. in either direction, and is 
^^Spable of testing specimens between 
*lie cross-heads up to 12 feet in 
•■ength. A peculiar feature, however, is 
that the scale cross bead has an extreme- 
ly large opening, and the framework is 
entirely open directly behind it, so that 
eye-bare or tension pieces of any length 
may be easily tested. If, for example, it i» 
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■wished to test an eye-bar 41) feet long, the 
bar JB introduced through the opening in 
the scale cross-head and the eye screwed 
to the cross-head of the jack, while the 
metal of the bar is gripped by means of 
wedges placed in the scale cross-head. 
That this is a fair test and gives all the 
information to be obtained from a test- 
ing nmchine of much longer dimensions 
will be readily seen from this fact : First, 
if the material of a bar is to be tested 
it can be done equally as well in a length 
of ten ft. as in a length of 40 ft., and if 
the construction, method of formation, or 
proportion of the eye is to be tested in 
relation to the bar, this is secured by the 
presence of one eye attached to the cross- 
head of the jack. Should it be desirable 
to test both eyes of the bar, this can 
readily be done by first breaking one and 
then turn the bar end for end and break- 
ing the other one. Of course, this double 
test of a single bar requires a little more 
time, but to compensate for thia the 
apace occupied by the machine, the ex- 
penae of construction, and the Va.\«)i: a( 
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^"anipfllfttion^ axe reduced to an 
^aoiis extent. 



rasaing now to our second gener^ I 

^^J-fcdiviBion of testing machines, we come I 

*^*^ the consideration of those which have 

**&«a designed for special purposes, and 

Perhaps the first and most notabl^'anjong 

*■ Q eae is the autographio tpjraipn.pi^acliine 

*^_f Prof. Thurston. Figi ^t is a'perapw*- 

*^e view of this machine, and in Fi^ 

■^3 a front elevation, a. Ion ^tiylipf^ 'sect 

*'*«n on line aw, and a tlSfisrerse-aection 

^^■*i line aa' may he seen. The machine 

^^^nsists of two A-ahaped fmmes AA, A' A', 

^^*d shown in all the figures. These are 

^^-Tmly mounted on a heavy bed-plate. Near 

"tie top of each of these frames are spindles 

"^SandD, each of which hasarodE and H, 

"^th a jaw to receive and hold the heads 

*if the specimens. The two spindles axe 

■fiot connected in any way to each other, 

except by the specimen itself when placed 

and adjusted to be tested. To one spindle 

a long arm HB is attached. It carries a 
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heaYy weight B attached to its outwa^M 
end. Tliis apindle has a worm wheel drive^l 
by a worm J on the shaft LL', which ^^ 
turned by a hand-crank K. When ih^M 
specimen is placed in the two jawB, andB 
theepindleis turned by the worm gear, thjH 
effect is to twist the specimen. The poS 
Bition of the arm and the weight will toU 
all times be a measure of the toreiouafl 
stress which is exerted on the specimea^ 
but as this torsional stresB is increase^! 
the specimen commences to give way osM 
be twisted by the stress, according toM 
the qaahty of the material. In makingfl 
such torsional tests it is essential that th»9 
amount of twist should be known. If afl 
record of this could be procured, it woold I 
bean indication of the capacity of thai 
material to resist such stresses, or, in I 
other words, of its quahty. This testingfl 
machine was designed for this purpose. * 
The record is made in the following way ; 
To the spindle C a cylindrical drnmis at- 
tached, which is covered with a sheet of 
cross-section paper. To the arm N a 
pencil holder is attached at/', and caniea 
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a pencil d, the point of which bears upon 
tie paper of the drum. Supposing that 
the specimen in the mFwhine should offer 
no resistance, and Bhould merely twist, 
the pencil would then remain stationary, 
and as the drum is revolved the pencil 
would trace a straight line on the pa- 
per, the length of which would measure 
the amount which the specimen was 
twisted. If, on the other hand, the apeei- 
men be supposed to resist and to twiat 
simultaneously, as is always' the case, it 
will be seen that the spindle D would be 
turned, and the arm N would be moved 
from a vertical position to a distance pro- 
portionate to the stress resisted by the 
^.Specimen. The pencil holder attached to 
I the arm would move with it. To make a 
I Tecordof this distance a guide curve FF'is 
vKttached to the frame of the machine, so 
I that when the arm N and the pencil 
vfaolder ore moved oat of their vertical 
Bjtosition the pencil is moved towards the 
1'left by the guide curve, which is of such 
mtk form that the lateral movement which 
it giree to the pencil is proiportional to 
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the moment of tbe weight on the i 
of the arm. In this machine each inch 
of ordiuftte denotes 100 footrponnds of 
moment transmitted through the teat 
piece, and each mch of absciaBa ten de- 
grees of torsion. By nse of this machine 
the metal tested ia compelled to tell ita 
own story, and to give a permanent rec- 
ord of ita strength, elasticity, and every 
other quality which is brought into play 
during the test. 

The transverse testing mEichine of the 
Stevens Institute, Fig. 23. built by 
Messrs. FairbankB & Co., consists of & 
heavy platform scale, on the platform of 
which stjinda a cast-iron frame, to which 
are fastened the supports DD at the re- 
quired distance apart. The pressure on 
the apecimen is applied by means of a 
htind wheel on the upper end of the screw 
K, ■which screw passes from the nut E, and 
terminates in the shding cross-head I. 
This crosB-head serves both as a guide 
and aa a pressure block. The test piece Jj, 
reeta upon mandrils mounted upon the 
supports DD, at the required distance 
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apart. All fOie loads are weighed in the 
nsuid manner at M. 

A second example of transverse testiDg 
iMeliine given in the illuBtration Fig. 24, 
is one which ie especially designed to 
meet the reqiiireraente of makers and 
Bsers of cast iron. Tiie constnietion of 
tbe machine is exceedingly simple, and 
may be almost seen at a glance. A 
wooden framework supports a, hand- 
wlieel for applying the stress to the- 
ipeoimen, which is hung from the and 
of a lever supported close to' the wheel. 
The end of this lever carries tlie stress 
to the weighing beam, where it may be 
satimated by sliding the poise to and fro, 
ud adding tlie weights to the weight 
Dounterpoise. 

Perhaps next to iron and steel the ma- 
terial most frequently tested is cement, 
in the illnatration, Fig. 25, may be 
an automatic cement-testing ma- 
3. On the pedestal of the machine 
stands a column A, supporting on 
le top a receiver B, to which is attached 
le scale work of the machine. Perhaps 



its operation may be clearly understoo*^ 
by deBcribiog the method of making tJie 
experiment. The cement being mixe^ 
with the necessary quantity of water, a 
pressed into the moulds M, and 1 
stood a sufficient time to set, the monlAi 
id removed by opening the clamps aDw{ 
sHding the two side pieces away. 
the briquette has attained the requiait*! 
age it is placed in the clamps NN, the 
hand wheel Pis turned, drawing down the 
lower olamp and taking up the slack so 
as to raise the scale beam nearly or qaite 
to the top of the guard K. The reservoir 
B has previously been filled with shot, 
and by opening the valve J this shot is 
allowed to run from the tube I into the 
pail F. The weight of the nhot flowing 
into the pail constantly increases the 
stress on the briquette between the 
clamps NN. As soon as this stress 
reaches the tenacity of the specimen in 
question, the briquette breaks, the beam 
D drops, and striking tlie valve J, shuts 
it up, cutting off the supply of shot 
The pail with its shot is now detached 
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™ni the end of the beam, and hung on 
lie hook on tbe under side of the bal- 
ance baU E. In the place of the pail is 
timg the counterpoise G, which exactly 
Mlancea the weight of the pail, thus leav- 
iig only the amoTint of the shot contained 
therein to affect the scale. By sliding the 
poise R to and fro on the beam, or by add- 
ing on the counterpoise the WeightsH, the 
amoimt of the shot required to break the 
eement may be readily and directly read 
from the beam The beam is graduated 
to 200 lbs., and with the additioh of four 
Buittll weights a capacity of 1,000 lbs. is 
obtained. 

The elasticity of car springs, and the 
■moiint which they will deflect under a 
> siren load haa lately become a matter of 
f ffioch investigation, for the railway com- 
I panies constantly increasing the loads in 
l.lheir cars and running at higher speeds, 
nqnire springs which shall be correspond- 
^ly safer and more durable to support 
heavy nae to which they are subjected. 
26 is an illustration of a machine 
;ned to meet the wants of car spring 
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njariiifacturers, so that every BpriBg t| 
is made may be, as fast as it is complel 
tested, to ascertain whether or not itj 
fills the upecificationa that it is inte 
to meet. A heavy cast iron framen 
supports a cross-head carrying a 
able plunger. This plunger may be n 
or lowered by means of a sci 
cot on it, 80 as to accommodate any lei 
of spring from two inches to three 1 
Directly beneath, this plunger there 
bed plate for supporting the 
which forms a platform of scale, 
other end of this lever stands on a 
directly inside of the casting thatconla 
the stress received by the spring to | 
scale beam, where, by means of a slidiD] 
poise and the large weights, its quantity - 
may be correctly estimated. The gearing 
and the belt at the back of the machine 
form a means by which the plunger may 
be moved up and down. For example, 
supposing a railway company has issued 
specifications for 10,000 springs 6 in. in 
height, which shall carry 10,000 lbs. and 
deflect 7-8 of an inch WQdei o. \oaA. The 
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^**g maker coils a spring which be sup- 
^Y^es will anewer the requirements, aiid 
f^^*ing it in a testing machine, so adjuBts 
^^ cross-head that it shall depress the 
t**ing7-8ofai]inch. The machine is then 
^^^tted and the weights added to the BcaJe 
^m until a balance is obtained at the 
I «iTen deflection of the specification. If 
'■be weight thus indicated -corresponds 
With that of the epecifi^^fcjoiiSi.the spring 
*>iaker knows that the "spriiig'ltt question 
Vill answer the requirements, and he goes 
CD to fill his contrafit-. jli'^^y^V^'"! *^^ 
'ttpring be either l6o stiff or too weak, a 
corresponding change must be made in 
the article. Having completed the entire 
contract the machine is adjusted to give 
a deflection of 7-8 of an inch, and as fast 
■s the springs are ready, each oneieplaced 
in the machine. A glance at the spring 
balance, attached at the underside of the 
veight counterpoise, will tell the exact 
number of pounds that the springs sus- 
tained with a deflection corresponding to 
that inserted in the specification. All the 
.tarings which fulfill the requisite of 
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weight maybe confidently shipped by th) 
manufacturer, while those that for any" 
reason fail, may be returned to the fac- 
tory. With a machine of this kind th» 
manufacturer has a guarantee that all of 
the entire prodnct must be accepted by 
the railway company as fulfilling theip 
specification. J 

TBB USE OF TKB TEBTTSO MAOHINK. ' 

The investigation of the physical 
propei-ties of materiata used in construc- 
tion may be analytically divided into four 
parts: 

let. The investigation of the qualities 
of a special material. For example, the 
engineer may wish to ascertain the ten- 
sile strength, ductility, and resilience 
of a special steel. 

2d. The manufacturer may wish to as- 
certain variation in quality produced by 
a change in the chemical composition of 
the metal forming his output. For in- 
stance, in the processes of the open 
hearth or the Bessemer coDverter, 
■changes in the relative proportion of 



, manganese or phoaphornB may 
produce the greater t changes in the 
phyfiical pro])ertie8 of the eteels pro- 
duced. 

3d. The manufacturer or the consumer 
may wish to ascertain the changes pro- 
duced in material by means of the diflfer- 
ent mechanical processes to which it is 
subjected while being shaped into the 
proper forms required by different struc- 
tures. A noteworthy example is the 
various methods by which eye-bar heads 
are formed. 

4th. The actual strength, elasticity, ( 
resistance of a member forming one < 
the ports of a bridge or other structure 
may be desired, either for information 
as to the best method of design, 
.from which the actual strength of the 
question may be asi 



These varioue subdivisions will now b 
uted in their appropriate order. 




OABE ON THE PART OF THE OPEEATOH. 

The manipulation of the teeimg TUSr 
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L order to obtain therefrom tha 
most accnrate and reliable information, 
embracing all the facts and data to be 
obtained from an experiment, JB an oper- 
ation requiring on the part of the manip- 
nlator the greatest exercise of care and 
skill and watchfulness. In making ex- 
periments on ordinary test pieces of a 
few inches in length, the operator is 
constantly dealing with two sets of 
quantities ; one the measurement of the 
e of the test piece, and the amount of 
deformation produced by the strees pre- 
vious to the elastic limit — involves the 
use of the most minute quantities. An 
error in the measurement of the piece 
of a thousandth of an inch, a quantity 
far too small to be appreciated, except by 
the most delicate means of measurement, 
may induce errors iu the result sufficient- 
ly large either to condemn an otherwise 
good material, or to accept one which is 
inferior. In the measurements of the 
deformation of the piece under the ac- 
tion of the stress, the quantities are still 
smaller, reaching to a ten tUousandtb, or 
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^ven to a miUionth of an inch, bo that it 
"%;'st11 be obvious that during this part of 
■fche operation the greatest care ie neces- 
sary to observe most carefully and accu- 
^»^ately all of the circumBtancea which 
'ft^ake place. The measureiuent of the 
^tressea exerted by the machine running 
"to thousands or hundreds of thouaauds 
of pounds, requires an exercise of skill 
in quite a contrary direction. It is not 
only necesaary to measure these stresses 
nccorately, but at the same time the 
loind of the operator must have suffi- 
(nent flexibility ao as to turn rapidly and 
easily from the consideration of a very 
BmsU quantity to one which is exceed- 
ingly large. The entire behavior of the 
piece under the operation of the stress is 
one which requires the minutest atten- 
tion. The equal or the unequal yielding 
of one side or the other, the appearance 
of the piece as under the operation of 
the stress, the fibers are torn apart, the 
surface becoming bhstered, seamy and un- 
even, appeal in the most eloquent manner 
to the eye of the skillful investigator. The 
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amount of deformation produced by the 
streafl, and the way in n-bicb it takes 
place, whether the piece imiformly yields 
under its stress, or whether the yielding 
takes place at one particular point, may 
convey most important information as to 
the character, qualities and suitability of 
the material under inTestigation. 

Placing the test piece in the testing 
machine is an operation requiring most 
careful attention. It is necessary that 
the piece should be so arranged that its 
axis may coincide with the axis of stress 
produced by the testing machine. Even 
in the machines so designed as to furnish 
outomatic means of centering it is still 
necessary for the operator to exert the 
most unceasing vigilance to see that the 
piece is correctly surrounded by the 
jaws of the machine, to insure that these 
jaws exert an equal bearing all over the 
surface, that it is properly set in line, and 
that the entire adjustment with reference 
to the various parts of the machine is 
done in the most careful and accurate 
manner. This adjustment of the teat 
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piece is eapecially eaaential in experi- 
ments npon metals wbich are cryatalline, 
stiff, and unyielding, such as cast iron. 
Mr. Hodgeneon states that the strength 
of a rectangular piece of cast iron so 
placed in the machine as to cause the 
stress to pass along the side of the piece 
is only one-third of the strength to resist 
a central stress. It is evident that this 
ratio would perhaps be given only by a 
few forms, subjected to tension in a pe- 
culiar manner, and that it probably 
would vary with every change in shape 
and position of the test piece. In ma- 
chines not furnished with self-adjusting 
jaws the importance of tliis care in set- 
ting the test piece can hardly be too 
strongly insisted upon. It has frequent- 
ly happened in the esperience of the au- 
thor that in making experiments upon 
plate iron tho piece would be so placed 
Id the testing machine as to be torn apart 
rather than fairly broken. In many ex- 
periments the bend of the test piece after 
rupture was markedly perceptible to 
the eye. The errors in such experiments 
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may rise as high as twenty or thirty per 
cent, of the actual strength of the piece 
in question. 

THE APPEABANGE OF THE FRAOTUBE. 

After the completion of an experi- 
ment a careful examination of the test 
piece should be made, and the character 
and appearance of the fracture should be 
carefully noted as an index of the qual- 
ity of the material. Good wrought iron, 
when broken by tension, should present a 
fracture resembling a bundle of fibers, 
haying a dark gray color. There should 
be little or no appearance of lamination 
due to the piling and the rolling of the 
bar, and no appearance of any bright or 
crystalline spots. The fracture should 
be irregular, inclining towards cup 
shape. The general appearance of the 
fracture of good wrought iron is indi- 
cated in Fig. 27. In the poorer qualities 
of wrought iron it is very customary to 
find the bar interspersed with a greater 
or less number of bright, shining crys- 
talline spots, similar in appearance to 



«*Bt jion^ excepting that the crystals have 
y^ry- much higher metallio luster. The 




relative proportion that the crystaihne 
spots bear to the whole area of the 
piece may be taken as a very fair index 
of the qmdity of the material. Fig. 28 
gives a represeDtation of the fracture of 
the medium quality of cast iron, showing 
about one-third of its area to be com- 
posed of these hard crystals. Such iron 



may Btand a verv high tensile Btresa but 
it will show ven ] ttle ductility This 




Fig. 28. 



crystalUiie structure of the bar may be 
due to one of two causes. Either theiron 
contains too large a proportion of phoB- 
phoruB, and so is termed cold-short, be. 
ing exceedingly brittle and unworkable 
■when cold, or else during some procesEes 
of the manufacture the bar was over- 
ieated {burnt, as it ia said in Ihe black- 





smith's shop) and allowed to cool with in- 
snfficient mechanical work. The cold- 
shortness attributable to too large a 
quantity of phosphoriip is not indicated 
by any exterior appearance of the bar, 
whereas, if the iron has been burnt, the 
exterior is bhatered and rough, showing 
to the practiced eye that there has been 
OTerheating, by which the more fusible 
parte of the bar were actually melted. 

The length or size of the tibers in the 
fracture is an exceedingly good index of 
the value of the material. Fractures 
which occur with short and apparently 
brittle fiber, rather fine in texture, gener- 
ally indicate an iron which will when cold 
possess considerable ductility, yet prob- 
ably has such a proportion of sulphur as 
to make it red-short and exceedingly 
troublesome to manipulate under the 
hammer. The results of irons of this 
kind may be fairly good in the testing 
machine, yet as far as is possible they 
should be avoided in construction on ac- 
count of the difficulty of obtaining good 
Teaalts from shop manipulation. 
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During an experiment on wrought iron, 
as soon as the elastic limit is passed ihe 
surface of the specimen, if it has preyiouB- 
ly been machined, gradually loses its 
bright metallic luster and becomea rough 
and mottled under the distorting effect 
of the stress. In the finer and moat su- 
perior irons this motthng of the surface 
is exceedingly delicate. The fibers of the 
piece seem to be rumpled and distorted 
by the stress so that the whole of the 
surface is thrown into an innnumerable 
number of minute ridges. In the coareer 
and less valuable ii-ons this mottling of 
the surface is comparatively heavy and 
uneven and the want of homogeneity in 
the stnicture of the metal is clearly indi- 
cated by the uneven appearance of the 
test piece. 

The fractured surfaces of steel bars 
present a far greater variety than those 
of iron specimens, in fact there are at 
least a dozen or fifteen different appear- 
ances in steel indicating corresponding 
changes in the value of the metal. The 
appearance of the fracture of good eon- 
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wtmctiiral steel, having an elastic limit of 
fcom forty to fifty thoueand pounds, and 
^Jn ultimate of from seventy to eighty 
^onsand is a light silky gray. One end of 
■the test piece, broken by tension, being 
a slightly truncated cone that fits into a 
corresponding concavity in the other end. 
Steel fractures, excepting those of the 
poorer varieties, should rarely be termed 
fibers, for the texture of the metal is so 
eiceedingly delicate as to be only com- 
parable to tibe finest silk. Steels made 
by the Bessemer process generally pre- 
, Sent R fracture which is darker and a little 
Ignore corky in appearance than those 
,.taade by the crucible or the open hearth 
ilDethods. As the amount of carbon in- 
creases, the tensile strength and the elas- 
;tic limit are increased, and at the same 
,^me the silky and conical appearance of 
tiie fracture gradually decrease, until, 
when the tensile strength rises to a buniZ- 
red thousand pounds per square inch, the 
nlky appearance is almost entirely lost, 
a the Aracture becomes square, showing 
^^^ttle reduction in the bar and presenting , 

■■^ i 



120 

a granalar appearance made np of sinaH*1 
brilHant cryatala. The same appearance J 
of the fracture may be produced by a 
excess of maoganese. In such steels the 
tensile strength may not rise over sixty 
to eighty thoueand pounds, yet the char- 
acter of the fracture is by the presence of J 
the manganese entirely changed from that J 
of the £ne delicate texture of the carbon J 
steel to a coarse and granular appearanceJ 
almost resembling that of c 

The effects of phosphorus and siil-.| 
phur are similar to those product 
in iron. An excess of phosphorus ron-J 
ders the piece cold-short, reducing t 
amount of reduction and giving the fraoiJ 
ture a more granular character. 

The following classification of the chai 
acteris ticsof fractures is presen ted, hopin 
that it may in some measure aid towai-dril 
uniformity in description. 

STEEL FBiCTURES, 

First, sqdabe. — Those in which 
plane ot the fracture ia nearV^ 8.1 t 
angles to the axis ot fhe teat ^\w». 
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Second, ibbesui.&s. — Those in which 
the plane of the fracture is inchned more 
or^lees to the axis of the teBt piece and 
in which the fracture presents one or 
more jaggeii points. 

Thied, CONCOID4I..— In which one end of 
the teat piece presents a cone matching 
in a corresponding eonicsii socket in the 
other half. 



AS TO UOLBCULAB STRTTOTURK. 

First, fine oaraxiLLiNE. — Fractures 
Buch as are presented by the rupture of 
the best quality of tool steels, in which 
the bar seem to be made up of an in&nite 
number of exceedingly fine and irides- 
cent crystals. 

SiooND, cBTSTAijjm. — Such fractures 
as are presented by the coarser qualities 
of tool steels, or by the higher grades of 
stroohiral steel containing large amounts 
of carbon or phosi>horus. Here the 
fracture is composed of larger crystals, 
losmg to a great extent their iridescence 
■and seeming to be grouped in radiaX \aifts, 
mod tbe center. 
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Third, silkt. — Fractures which art 
manifested by the best varieties of struo- 
toral steels in which the crystalline ap- 
pearance is entirely lost, inasmuch as the 
crystals seem to be merged in long bun- 
dles of the finest and silkiest fibers. 

Fourth, granular. — Fracturesi;Of this 
kind are manifested by the inferior vari- 
eties of structural steels, and seem to con- 
sist of a large number of granular crys- 
tals of considerable size, grouped in radial 
lines around a central axis. 

Fifth, coarse granular. — Fractures of 
this class are only manifested by the in- 
ferior qualities of structural steels and 
are generally indicative of too high a per 
centage of manganese. In such cases the 
crystals are large and coarse, presenting 
many glimmering facets and having al- 
most the appearance of the poorer quali- 
ties of wrought iron. 

Wbought iron fractures may be classi- 
fied into square and irregular, as foUows : 

Square fractures are presented only by 
the inferior crystalline varieties that 
break sharply and shortly with but little 
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*** CO reduction or elongation. As the 

, <3F<iality of the iron becomes better, and 

. *^lie eryBtalline texture disappears, the 

**actiire becomes more and more iiregu- 

-*-^r, until, when a pure fibrous iron is at- 

»^*iined, the fracture may occitr at a plane 

*^chned to the axis of the test piece at any 

^*Jigle, and presenting many jagged irregu- 

larpoints. The square fractures are always . 

ingJy crystalline, presenting a 

_ mber of large crystaUine facets, 

I iiaving an esceediogly high metallic 

I iuster. The irregular fmcturee may be 

I divided into long fibrous and short fi- 

I ^rons, depending simply upon the relative 

1 length of the fibrous structure. 

Fractures of east iron may be divided 
into, simply, fine crystalline and coarse 
eryBtalline, depending upon a relative 
Bize of the crystals. The coarser and 
lees refined varieties of cast iron preseut, 
when broken, a fracture which is made 
up of a large number of dark grayish 
crystals, interspersed here and there with 
traces of graphite. Upon remelting and 
refining the texture of the fracture, by 




i 
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each succeeding operation it becomeB 
finer and finer, untU, in the beat refined 
iron, we have a fracture which is made up 
of exceedingly fine gray cryBtala, hav- 
ing but httle metallic lustre and giving 
no evidence of grraphite. 
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EFFECT OF THB SIZE OF THE BPBCIUBK. 

In making esperimentn upon the ^uo?-' 
ilies of material the first point to be con- 
sidered 18 the size and shape of the teat 
piece and effect which this produces 
upon the results to be obtained from the 
testing machine. The variation of the 
form of the test piece considerably modi- 
fies the apparent tenacity of ductile ma- 
terial ; consequently it is necessary to note 
the size and shape of the specimen to be 
tested, in order that the results obtained 
from the experiment may be correctly 
compared with those of previous or fu- 
ture results. When a piece of metal is 
subjected to tensile sti-ess, and slowly 
drawn in two, it will yield at the weakest 
section first, and ii ttiB.^^ RecHioTiw <A (wj-a.- 
siderably less -area. Oiwa fee ?ASp»yCT: 
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X'uts, or if the metal is crystalliiie und 
»Jii_Ti elding, it will break sharply and with- 
out appreciable stretch, the fractured 
surface having a granular appearance. 

On the contrary, if the test piece has a 
uniform section of considerable extrent, it 
will gradually stretch with a uniform re- 
duction of section from end to end. To- 
ward the ends where the piece is grasped 
by the machine this reduction of area ia 
least perceptible. When the stress has 
obtained so great an intensity that the 
WealteBt section is strained beyond its 
elastio limit, the molecules of the metal 
Commence to How, and the piece gradu- 
ftUy reduces in cross section, the particles 
immediately adjacent to the over -strained 
portion flowing towards the section of 
greatest stress. If, however, the shape 
of the specimen is so arranged as to pre- 
■yent or to retard this flow of metallic 
molecules, the result is to largely increase 
the apparent tenacity of the material. 
This increase of tenacity due to the 
shape of the specimen has been suspect 
" for many years past ; but has only re- 



i 
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oetTed ft complete demonstration within 
a comparatively short space of time. The 
United States Board for making tests of 
iron and steel, made a Heries of experi' 
menta to ascertain the relative value of 
specimens having long or short uniform 
sections. The results of these tests are 
presented in Table I. 

Table No. I. 



Prog. 


Specim.. 


E.LlmUltBt. 


mms 


Reduo. 


No. 


"' 


lbs. □"|lbB. D' 


i 


* J 


1 


soo 


36795 51989 


80. 


49.8-1 




8.938 


38194 53380 


32. 


so.ofl 


8 


4.!50O 


23063 1 53495 


80. 


46.^1 


4 


3,500 


37368 


53053 


31.6 


48.frB 


5 


3,000 




B2084 


88.0 


48.0 ■ 


6 


3,472 




52853 


33.1 


45.SW 


7 


1-989 




53169 


33.9 


4e.g-M 


6 


1 500 




52666 


35 


4s.aS 


9 


1. 000 




63169 


35.4 


48.R<S 


10 


.BOO 




67818 41.6 


86.«:a 



Some experiments have given the t 
lovring resnJts from Bessemer steel Bpe< 
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Table No. 3. 

GrooTed Specimen— 

Higheat 163974 

lowest 186490 

Average 153877 

I*iig Cylinder- 
Highest. 133166 

Lowest 103355 

Average _ 114460 

In Fig. 29 may be seen the curvee that 
*iave been obtained from a series of speci- 
ns of open hearth steel, made under 
the direction of the author in the follow- 
ing manner. From a bar of steel sixteen 
feet long there were cut twelve pieces. 
£ach of these pieces was placed in a lathe, 
and one cut taken over it so as to render 
the piece perfectly straight and true. The 
BsrieB of steel pieces thus obtained, all 
oat from the same bar, were turned to 
leng^s of uniform diameter, as seen in 
the column headed " Lengths" in the ac- 
companying ']'able 3. 
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^rom these esperimentB it will be aeen 
lat the uniform leng'tb of the piece 

' "^wilder examination exercieea an exceeding- 
ly important part in the resnlta obtained 
-±roTo the experiment. 

In explanation of the cause of the dif- 
ference in the flow, and the increased 
tenacity of the grooved specimen over 
■one haying for considerable length a uni- 
Jorm section, let it be supposed that a 
mngle chain of molecules of a ductile 
metal be subjected to tensile test, and let 
the length of this chain be ten inches. 
Under tension, each molecule would be- 
come separated from its neighbor, as fM" 
as their cohesive attraction would allow, 
on releasing the stress the molecules 
would resume their original places, no 
permanent extension having taken place. 
The greatest distance which one molecule 
■could be separated from its neighbor 
would be an infinitely small quantity, and 
the total of the numerous extensions 
would probably not exceed one or two 

%^^imdredtha of an inch in tlie \6Yvgfti oi b. 

Hn^oA chain. This Beparaiio-o. 'noTA&. 

^^^^^^ ■ m Mi^J 
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represent, the real limit of elasticity, 
which, if exceeded, would be followed by 
rupture. The stress causing this tem- 
porary extension would be the elastic 
limit, the tenacity and the tensile strength 
of the material. If the extension were 
carried beyond this, the chain of mole- 
cules would break, but each of the 
broken parts of the chain would show 
no indication of permanent set. ^ 

A test bar may be conceived to bfrfl 
made up of a number of these chains'of 
molecules, each link having the peculiar 
property under high tension of leaving 
its own chain and taking up a position, 
between the two nearest links of the 
next chain of molecules. These chaiuK 
may thus become permanently elongated 
by the addition of new links, but they 
are at the same time reduced in number. 
The permanent elongation of the speci- 
men is an indication that such a flow of 
molecules has occurred. The direction 
of this flow is from the exterior to the 
interior, as la proved, by t\ve veduotion 
CsJwajS observed at fhe ^omlol Itaa'oM^i^ 
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n a dnctile material. Each chtdn in the 
iggregate may be supposed to be capable 
of bearing the same stress as if tested 
alone, or aa if it had not become elong- 
ated by the addition of the neighboring 
moleetdes ; but aa the chains are fewer 
Sn number, the total stress carried by the 
Vhole, prior to rapture, is less than if the 
' of molecules could have been pre- 
vented. For example, it is obvious that 
one hundred feet of ordinary iron 
chain, having a strength of one him- 
flred pounds, may be divided into ten 
eqnol lengths of ten feet each, which 
by their combined tension might be 
made to support a load of one thousand 
pounds ; but if the chain be divided into 
five parts, each twenty feet long, the 
nnited strength would only be five hnn- 
flred pounds. In the case of a test pieoe^ 
each molecule is not only a link of the 
ebain in longitudinal direction, but it 
■ also be regarded as a constituent 
Vaik in all directions. In an ordinary ten- 
[nch cylindrical specimen the end links of 
the trsnsFerse train o! molecwXea eometa 
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the surface and are free. They therefore 
offer no resiBtance to flow in the trane- 
Terae direction. In a grooved Bpecimen 
the transverse molecular chains are not 
free, but are united to the ling of exter- 
nal metal. If this ring be of sufficient 
strength to resist the transverse stress, the 
reduction of the area of the piece would be 
almost, if not entirely, prevented, and con- 
sequently the tensile sti'ength per square 
inch will approximate to the tenacity of 
this specimen— using the word tenacity 
to mean the strength calculated on the 
reduced section of the piece. Conse- 
quently, in a grooved specimen the addi- 
tional strength thereby obtained may be 
regarded to be the sum of the tensile 
strength of the piece, plus the amount of 
force requisite to prevent the flow of 
metal and the ordinary reduction of area. 
In proof of this an examination of col- 
umn of " tension per square inch of re- 
duced area," in the above series of steel 
tests, will show that the ultimate tenacity 
of the piece obtained by calculating the 
ultimate breaking strength as the re- 
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duced area of the piece, is nearly a o 
fitant quantity. To measure accurately 
the exact size of a broken test piece is a 
matter of considerable difficulty, and the 
variations in the foregoing column may 
probably be regarded to be due more to 
the inacciiracies in the measuremeiits'of 
the reduced area rather than to devia- 
tions frona the above expressed law. Es- 
periments of various grades of iron and 
steel have certainly indicated the prob- 
ability that each particnlar grade of__metal 
has its own ultimate of tenacity, so 
that if the tenacity of the piece be cal- 
culated upon the reduced area after frac- 
ture, a constant quantity would be ob- 
tained for each of the different grades of 
metal for every different length of test 



The importance of specifying in con- 
tracts for iron work, the exact size and 
shape of the pieces to be tested, has thus 
been rendered very obvious. 

It IB to be regretted that the size of 
test pieces has not been even more rig- 
orously proscribed, and it is now sug- 
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gested that engineers in framing iron and 
steel specifications, wonld do well to 
carefully indicate the exact size, shape 
and other drcnnistances governing the 
specimens to be tested. 

THE KFTBCT OF TIME OCCXJPIED IN MAKING 

THE TEST. 

It has preTioosly been indicated that 
one of the lirst effects of stress on a 
ductile material is to cause the molecules 
to flow from the exterior towards the 
center. The question of the time occu- 
pied in making an experiment would 
seem to be an important one, and doubt- 
less if the rapidity of the test is so great 
as to cause the stress to approximate to- 
wards a blow or a shock, the material 
has considerably less resisting power 
than it would have to a slowly and grad- 
ually applied stress. Yet the time occu- 
pied by most machines in making an ex- 
periment is so considerable that no 
approximation towards shock is ever 
reached. 

In making a large nmnber of steel tests 
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for the East Eiver Bridge, the question 
of the time to be occupied iu making 
«aeh experiment was gravely couaidered. 
The machine upon which moat of the tests 
■*vere made was worked by a hydraulic 
8 actuated by hand power. In order 
to determine the effect of the time nine 
-l>ieces of stee!, one inch square and two 
^eet long, were cut from the same rolled 
^tmr. These pieces were carefiilly meas- 
Xared and were placed in the testing ma- 
<2hine without any preparation whatever, 
Tlhree of the pieces were broken in ten 
-»ninuteB each, three were broken in six 
-minuteB each, and three were broken in 
twenty minutes each. The results ob- 
tained from these nine experiments only 
indicated a difference of some three or 
four hundred pounds, and no gi-eater dif- 
ference was observed between the test 
made in sis minutes each, than those 
that were made in twenty minutes. It 
was inferred that on this particular grade 
of steel httle or no difference could be 
attributed to the time occupied, provided 
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it did not exceed the above maximnm 
and minimum limits. 

Ab a mean of a number of teats on 
wrought iron, Kircaldy found that vritb 
a suddenly appHed stress an ultimate 
resistance of 46,500 pounds per square 
inch was obtiiined, while with a stresa 
gradually appHed the resistance rose to 
fifty-seven thousand two hundred pounds. 
Unfortunately the report from which the 
above is quoted does not give any infor- 
mation as to size or kind of speciroens, 
or to the manner in which the suddenly 
applied stress was exercised- In making 
many experiments upon wrought iron 
and steel the author observed the follow- 
ing phenomena : If the testing raachine 
be run compamtively slowly— so slowly 
that the motion of the cross head was a. 
little slower than the natural flow of the 
metal — the teat piece yielding gradually,, 
giving a good elongation and reduction. 
By increasing the speed of the machine- 
so as to quicken the motion of the cross 
head to such a speed as to a Uttle more- 
than keep up with tbefiavt oi itft metal. 
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■ higher breaking stress was reached, ac- 
■oompanied with less elongation and re- 
duction of area. By still further increas- 
ing the speed of the cross head a point 
■woold be reached where there was still 
lees elongation and reduction and where 
the breaking strain was higher than in the 
firet instance, and lower than that ob- 
served in the second iiiBtance. It would 
therefore seem that for each metal there 
ia a particalar rate of flow to which, if 
the testing machine be carefully adjusted, 
the maximum resistanc* may be obtained. 
Tet, for the ordinary experiments upon a 
commercial product, or even for the pur- 
poBB of comparing material with specifi- 
cations, the time occupied in making the 
experiment may be considered as com- 
paratively of slight moment, provided it 
be kept within the limits of from five to 
twenty minutes for each experiment, 

Tests in tension require the observa- 
tion of five points ; 

FmsT, the elastic limit. 

Second, the maximum strength. 

Thlbc, iAg ititiniate gtr&ngth 



bserva- 

J 
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FouBTH, the elojigation. 

Fifth, the reduction qf area. 

In order of importance, as well as in 
order of occurrence, the elastic limit 
possesaes by far the greatest interest to 
the engineer and the investigator. The 
elastic limit, as usually understood, is 
that point at whieh the metal, under the 
influence of the stresB to which it is sub- 
jected, takes the first appreciable set In 
the previous autographic diagrams it will 
be observed that the famous principle, 
known as " Hook's law," that the strain 
produced in the piece was proportional 
to the stress causing it is certainly true 
within the elastic limit. Here it will be 
observed that as fast as the stress on the 
test piece increa-ses the pencil of the 
registering cylinder draws a straight 
line slightly inclined to the axis of Y at 
a constant tangent. This straight line 
continues until the elastic hmit is reached, 
when, by a sudden breaking down of the 
molecular structure, a sharp point of in- 
flection occurs and the curve turns 
rapidly towards tiie Ksia ol '^ ^^«) 
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Uiethods have been need for the deter- 
Qiinntion of the elastic limit. Formerly 
it wftB customary to place upon the test 
fiiece two center punch marke, occupying 
distance from eight to ten inches. A 
Jiair of divides were carefully set so as to 
exactly coincide with the center punch 
Knarks. The piece was then subjected to 
etreases increasing by preconcerted in- 
<:ietaente; after the application of each 
eucceeding increment or stress was re- 
xnoved, the dividers applied to the center 
jiinch mark to ascertain whether the 
piece had indicated any permanent set. 
It will at once be seen that this was a 
comparatively rough method of making 
so delic-ate a determination. In fact, 
strains smaller than one hundredth of an 
inch are scarcely to be observed by any 
Buch method. It will be readily seen 
that unless the test piece is very long, so 
as to present a very marked increase of 
length at the hrst permanent set, the 
elastic limit, aa determined in this way, 
is almost certain to be several thousand 
pounds too high. An improvement on 
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this method in obtained by tlie ( 
ment of micronometer screws, one < 
more of whicli are nttached to the a 
men, and the strain produced by the si 
together with the resnlting set, if any, 
are recorded by meaBurements made with 
these screws. The objection to micro- 
nometer screws is two- fold. In the 
first place, the time occupied in making 
thirty or forty readings on a single test 
piece is so great us to make the operation 
of testing exceedingly tedious and weari- 
some ; second, considerable personal 
equation is almost invariably introduced 
in ascertaining if the screw makes a fair 
contact. 

To overcome this, electrical and fric- 
tional contacts have been devised, bo* as 
to insure that the pressure applied to 
the screw head, by the operator was a 
constant and imiform quantity. These 
methods have succeeded to a great degree. 
At the same time the micronometer screw, 
except in the hands of a very skilled op- 
erator, is liable to a considerable per- 
centag-e of error. igaiUittietaiwcaimmjAMt 
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Bcrew has to be placed at such a distance 
from the axis of the apecimeii that the 
slightest bending or twisting on the 
part of the piece introduces very grave 
errorB into the results obtained. 

Several forms of vernier gauges have 
been contrived, which may be applied di- 
rectly to the specimen, and readings of 
eitension and set obtained with them. 
One of the most compact and easily man- 
aged of these may be seen in Fig. 18. 

Determinations of elastic limit, either 
by the micronometer or vernier gauge, 
generally give results which are five to 
ten per cent, lower than those obtained 
by the use of dividers and center punch 
niarks. Prof. Thurston has shown that in- 
termittent applications of atresa to a test 
piece, especially at or near the elasticlimit, 
tends to raise that quantity higher and 
higher. The author has therefore be- 
come accustomed to make determinations 
of the elastic limit, simply by applying 
sradnally increasing incrementa of stress 
ig the bar, and reading the vernier gauge 
at the moment when the rising of the 
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beam indicated tliat the requisite 6treB9 ' 
had been reached. So long as the incre- 
ments of strain a.re proportional to the 
incrementB of streas, it is assunted that 
the strain on the piece is within the elas- 
tic limit. The moment, however, that 
the strain becomes disproportionate to 
the increment of stress, it is aBsmned 
that the limit has been passed. 

Another method of very rapidly deter- 
mining the limit in a testing machine 
wotted by screws, is obtained by care- 
fully regulating the speed of the machine 
with reference to the motion of the poises 
along the beam, and watching the motion 
of the beam itself. As an example in 
the machine used in the Department of 
Tests and Experiments, the multiplica- 
tion between the end of the beam and the 
platform of the machine is 24,000. That 
ia, in order for the platform to move 
downwards one inch, the end of the beam 
would have to move 24,000 inches. If 
the cross head of the testing machine be 
carefidly driven by the screws, so as to 
Rppij the stress to the piece, no faeterj 
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I 'tihaa the poke travels out ttloug the beam, 
■the moment that the elastic limit is 
leached and the piece under the applica- 
iion of ihe strees suddenly elongates, 
the beam will quickly drop to the bottom 
of its surrounding guard, and renaain 
there stafionnj'y for a, few moments, un- 
til the motion of the cross bead catchea 
wp to the flow of the metal in the test- 
piece. Experiments on test pieces of va- 
riouB kinds have shown that this method 
of obtaining the elastic limit is folly as 
aeeurate as that by means of either the 
micronometer screw or the vernier gauge. 
It, however, does not give the amount of 
elongation that the test piece has under- 
gone, and so is comparatively useless in 
those investigations requiring that elon- 
gation) for the purpose of calculating l!he 
modulus of elasticity. The observations 
un the elastic Hmit are by far the most 
important as furnishing ditta for the 
guidance of the engineer and the archi- 
tect in constniction, for it is now a well- 
established ftu't that if material is never 
strained to a point approaching tbe elas- 
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tic limit, it is safe for an indefinite life 
consequently, the chief point to be 6 
served in making experiments on mate 
rials is the careful determination of th 
elastic limit and the modulus of elas- 
ticity. 

THE MAXIMUM STRENGTH. 

After passing the elastic limit, the 
curve on the cross-section paper proceeds 
forwards gradually, inclining more and 
more towards the axis of X, and assum- 
ing a general parabolic form. After 
proceeding in this way for some time, 
the maximum strength of the material is 
reached. At this point the rapidity of 
the application of the stress is equaled 
by the flow of the molecules in the test 
piece. For a few moments the curve 
becomes approximately parallel to the 
axis of X, and the entire work done by the 
testing maftiine is consumed in moving 
the molecules from the outside of the 
test bar towards its interior. In a few 
moments, however, this rapid movement 
of the molecules is attended by contrac- 
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lion in the size of the bar. As the resalt 
of this contraetioo thei-e are a leas num- 
ber of molecules in the cross section to 
resist the force applied to the test piece, 
consequeatly the stress begine to de- 
crease, the flow of the molecules becomes 
more anrl more rapid, until at last 
the rupture of the piece is obtained. 
In previous esperiments very little ac- 
■ count has been made of the difl'erence 
between the masimum and the ultimate 
etresses to which the test piece iu tension 
IB subjected. In fact, excepting in those 
machines iu which the weighing is done 
automatically, this difference is hardly 
perceptible, and even when it is percept- 
ible, it is difficult by hand to remove the 
weights from the testing machine with 
sufBcient precision to catch accurately the 
ultimate stress at which the piece is rup- 
tured. By means, however, of the auto- 
graphic testing machine the entire be- 
bavior of the test piece may be readily 
observed. Generally the ultimate and the 
maximum are regarded as almost one and 
the same quantity. In steel and wrought 
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iron it will be seen from' the foregoing 
diagrams that they are exceedingly differ 
ent. Whereas, in experiments made oi 
brittle and hard materials, having littl 
or no ductility, th«se quantities are s« 
nearly the same as not to require an; 
special mention. 

DEFORMATION. 

Upon all materials of a ductile chai 
acter the effect of the stress is to pre 
duce more or less deformation in the siz 
and the shape of the piece. In tensio 
specimens the piece is elongated con sic 
erably, and the point at which the frat 
ture occurs is by the flow of the meti 
drawn down more or less to a conici 
point. Pieces that are subjected to con 
pression are shortened in length, and b 
a reversed process are bulged out into 
sort of a barrel shape form ; while i 
transverse stress the piece is bent into 
U shaped form. In tension pieces tl: 
amount of elongation and the amount < 
contraction of area are regarded as e 
ceedingly good indications of the vali 
of the material for structural purpose 
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ELEVATION OF THE ULTIMATE ASD THE 
ELASTIC LtmT. 

It was first observed by Prof. R. H, 
linrBtoii and Commajider L. A. Beards- 
jley, V. S. N., independently, that if a dnc- 
WitHe material be subjected to a etreBB be- 
yond the elastic limit, but not beyond its 
ultimate reaistance and then allowed to 
r68t for a definite period of time, a txta- 
< aiderable increase of elastic limit and the 
^ultimate resietance ni»y be detected. In 
bother words, the application of etress and 
■i^e snbBeqnent rest increases the resist- 
loe of the material. Table No. 4 gives 
I number of experiments made by the U. 
j8. Board on specimens of various sizes, 
specimen was subjected to two 
»tB, and the length of time allowed be- 
ttween first and second tests is given in the 
table. It will thus be seen from the in- 
spection of this table that the ultimate 
resistance was very largely increased by 
allowing the piece to rest more i 
between the experiments. The cause of 
this may perhaps be explained by the 
iheoiy fiat, as soon 8.8 tiie e\a?fe(s 'Vi.'Cft.'^ 
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Table 4. 



1 


Strength 


in Pound-! 


loterTal 




per liquani Incli. 




•g 






between 


1 


1st Test. 


3d Test. 


Teats. 


1^ 


60,825 


51.351 


1 minum 


1^ 


48.800 


49,110 


1 miDute 


i2 


49,877 


50,614 


8 minutes 


1?^ 


49,024 


49,637 


8 minutes 


i!4 


40.805 


50,3S8 


3 minutes 




49,S45 


49,993 , 


Ibour 


h 


49,358 


50,219 


3houta 


i 


49.459 


51.863 


8 hours 




49,484 


51,546 


4 hours 




49,401 


51,r)01 


5 hours 




49,200 


01,090 


6 hours 


7 


50.257 


63,886 


T hours 




flo,om 


53,572 


8 hours 


l' 


51.536 


6o,eai 


3dB;s 



48,587 
48.597 
48.853 
50.015 
50.474 
50, J 78 
50.105 



56,207 
67,6:15 
58,040 
58,130 



.57,124 

57,443 
59.047 
59,864 
58,314 
54.749 
59.1N4 



.-..Ol!) 



3d&ys 
3 days 

3 days 

3dajs 
3 days 
8 days 
8 days 
18 days 
IHdnys 
18 davs 
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Table 4^(Continued). 



c 


Strength 
perlqu 


n Pounds 


Interval 


"% 


-n 


re Inch. 






"S 






between 

Tests. 


9Sa_ 


s 


iHt Test. 


2d Test. 


Pr. ct. 




51,138 


60.903 


6 months 


19.1 


\^ 


50,380 


59.626 


6 months 


18. 


49.1(11 


57,877 


6 months 


17.8 




48.819 


58.881 


6 months 


16.6 




81,8.18 


57.188 


6 months 


10.8 




4»,144 


58,188 


G months 


18.3 




48,793 


57,408 


6 monlhs 


17.2 




49,870 


58,880 


6 months 


19.4 




49.250 


58.020 


6 months 


17.7 


^H 


47,871 


58.976 


months 




m 


46,703 


54.458 


6 months 


16!6 


s* 


47.665 


57,250 


6 months 


30 



Abbtract from Detail op TESTe. 



Average gain 
Average gain 
over 1 hour 
Average gain 
Average gain 

Average gain 

less than 43 days 
Average gain in 6 d 



Per cent. Tests, 
less tbanl hour. 1.1 . . 5 
less than 8 and 



inSdBjs 16.3 

in8dars 17.8 

in over 8 days and 

.... 15,3 
,. 17.9 
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is reached and the metal begins to flow, 
the molecules, subjected to the force of 
the stresses, take up new positions with 
reference to each other. As long as this 
stress is continued the moving molecules 
have acquired a certain momentum.. If, 
however, the stress be removed and the 
piece be left to itself, the molecules come 
to rest and assume new positions with 
reference to each other, and the forces of 
cohesion again come into play and give 
the piece an increase of tenacity. 

EFFECT OF MECHANICAL TREATMENT. 

The amount of work that is done upon 
a piece of iron or steel, whether under 
the hammer or in the rolling mill, plays 
an important part in the quality of the 
material. It has been found by experi. 
ment that bars of ductile material, which 
are apparently precisely alike in every 
respect, except in area of section, do 
not give the same elastic or ultimate 
resistance per square inch. Other things 
being equal, bai*s of the smallest cross 
section give the greatest intensity of ulti- 
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Table 5 from the re- 
port of the U. S, Board to test iron and 
steel, gives a very complete exposition of 
the differences in varions sized round 
iron bare. 

The following esperimentB given in 
Table No. 7 were made at the Cambria 
Iron Co. during the investigation of the 
steel for the East River Uridge, to deter- 
mine the difference between large and 
small specimens of the same steel. From 
Beveral blows of steel, containing varying 
proportions of carbon, tbrte different 
sized pieces were rolled. One piece was 
rolled to be two inches square, a seoond 
piece was rolled one inch thick and six 
tDcbes wide, and the third piece was roll- 
inch square. The pieces two 
[inches square were set on a planer and 
ktwo pieces cut out of them. One piece, 
Kmarked C, in the accompanying table, was 
K%ut directly from thecenter, while asecond 
^ piece, marked D, was cut from the side. It 
p -will thus be seen that the piece C came 
I directly from the center of the large bar, 
I and was taken from the spot wbere it had 



152 



< 

< 

p 
o 

'A 
< 
H 



CO 

O 

m 
•J 



I 



Si 
o 

a 

O) 

tm 
OS 

g. 

hi 

a 

h5 



08 

J 



OOOQOOOO 



.2 H^ 



i ^ 



GO p£5 



08 




•* ^ "• •• •* •• .T ^ ^ 



03 
PQ 






o 



-3 

a 



O 

a 

3 



09 



rHN— s ^-^^IH\ 

xxxxxxxx 



a 



O) 0} O 0) 

QoOoOoOq 



THWsoTj^ocot^ao 



to 



lO 



00 



S3 

PS 



>«. 



lOOi 1-" CQ CO 



Od CO Od £> O 
T-< ■^ CO ?o CO 



T-< CO ^ Tt< 05 



l>l>00<MO 
lOO lO tft 00 



«o opco oaoi-t 
i.'S "^ «5 CO o i> 



^ rj< lO i« c- 



o 



>i^ 



I 



OD 



CO 



p s 



? □ 



B 



a 
a 



OS 



fii 



CO 






§^ 50 50 l> 

^ -71 as ^ C; 

00 00 l'- l> 00 



lO CO t* t> 

1— • OS ^ OS 

■^Tj< to 






CQ 



T-< l-H CO Tj< O CQ 



CO !-• tH t'- O O 
C^ I'?' 00 o »o o 
Tj< '*t« OS 04 «l 3 

coco CO to OS OS 
t^ t>l>l> CO o 



1ft CO CO C9 o o 
iO 'T* CO <M O O 
OSOJ 1-iCOOO 
T^ CO '^ T^ Q-Tl CO 

^^1 ^?Ji ^9^ ^9^ ^9^ ^^^ 



^ 
^ 



CO t^ CO ^"^ 



-•^^Sl: 



CO CO 

CO CO iC 00 ^ 

CQ040 W W 



CO *?■> OS £^ 
tH iOI> 

50C0O .. 

CO CO *? > ^ 

^H^ ^^r ^^r ^^r ^^r 




V 



o 

OS 



O " 
CO 



CO t^WO 
O OS CO o 



OS ^-1 r- OS ' 
OSO O ift' 





CO 








OSOOCO • 


N 


1-^ -OS • tH 




xxxxx 


THT-«QOg 




T-< 



00 
OS 
OS 



ooo 

_ I o 
OS CO 



OiCOOO 
OS 9 O CS 

osos 'lo 



xxxxxx xxxxx 

ooo 



o 
© 






a 
o 



X: X 

CO w 



X 

CO 



0» 

X 



- X«* 



X 

CO 



0» 
X 



1 


No. 


00 




) 




Oi 


• 


»- 


o 


g- 


^ 



o 


'^ 


W« ^ ^ « ^ 


S- 


^H * <* >• ^ 

00 


88' 


OS 


OS 



CO 

00 
OS 



l<1x 












dCJQ -<cdoC\c; <^oC\^ 



154 

baen subjected to the least possible 
amount of mechanical work, and had no 
rolled skin on it. The piece D came 
from the side of the bar, and had been 
subjected to a trifle more mechanical 
work, and had one surface of rolled skin. 
The 6 X 1-inch bar was cut into two parts, 
marked respectively A and B. By cutting 
from the side of the bar one piece, marked 
B, consequently had three surfaces of 
rolled skin, while A being cut next to it 
had only two surfaces of rolled skin. The 
bars marked direct from the rolls were 
rolled to one ijch square, and had rolled 
skin on all four sides. 

Table No. 8 gives a series of compar- 
ative tests between specimens as usually 
Bent to the testing machine, and pieces 
<'ut from the same grade of steel after 
having undergone rolling into structurtd 
shapes. Those marked" 1x1" were test 
pieces of steel broken at the Cambria Iron 
Oo's. works in Johnstown. While the 
pieces marked as having been cut from 
various shapes were test pieces of channels, 
beams and flats of the same blow, num- 
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hired as earh of the preceding pieces, 
but after each steel had been rolled into 

3 desired shapes, tlie letters " C " iind 
"i"' denoting that thepieee was cut from 
the center or flnnge of the bar. 

Another curious fact observed during 
making these steel tests for the East 
Biver Bridge was the fact that the time 
■which elapsed between the rolling of the 
bar and the experiment in the testing 
Znachine had a considerable effect upon 
the amount of reduction and elongation 
obtained. Bars which were placed in a 
testing machine as soon as they were 
'Cold were generally found to give a re- 
duction and elonga.tion of not over 
eighteen to twenty per cent, for elonga- 
tion, and not over twenty-five to thirty- 
I five of reduction ; whereas test pieces cut 
from the same bar, aiter having been al- 
lowed to lie quietly for some weeks, gave 
(tui elongation of from twenty to thirty 
per cent, aud a reduction of from forty 
to sixty per cent. It would seem that 
\tiie moJecular condifcon ot tine \».t ^-jqsJs. , 
mm the rolls is exceedm^'j \me»'dfl«^ 
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and if the bar be allowed to remain 
quietly for some time, a process anal- 
ogous perhaps to that Of crystallization 
takes place, and the molecules have time 
to arrange themselves in more accom- 
modating positions so as to present a 
great accommodation to the stresses ap- 
plied by the testing machine. 

UNIFORM SIZE OF TEST PIECE. 

It is obvious that some agreement 
with reference to the standard size for 
test pieces which is extremely desirable. 
At the present time experimenters all 
over this country and Europe are con- 
stantly making experiments upon a great 
variety of materials, and collecting a vast 
amount of data which can be only partly 
used, from the fact that the pieces ex- 
perimented upon are so diverse in char- 
acter, in chemical constitution, in size, 
and in the shapes from which they are 
out, as to render comparison of various 
results almost an impossibility. The 
adoption by investigators of some system 
regarding the size and dimension of the 
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I>iecea to be used for expeiimeiiti] 

"vvould therefore seem to be a, neoBE 
^li« following standard sizes, as i 
"trated in Fig. 30, having been found ad- 
■^antageoUH by the author, i 

not by any means as absohite and un- 

^varirf standards, but flirap]y as one step 

towards the desired end. 

For making esperimenta on Bteel and , 

iron intended to fiilfiU bridge and rail. 

way specification 8 pieces direct from tha| 





rolls may be ueed, as indicated in the 

first two samples. 

For samplt; pieces of squares and 
rounds, pieces twenty-four inches long 
may be cut directly from the bar, having 
as nearly ag may be one square inch of 
ci'OBs section. In squares this of course 
simply means a bar rolled one inch 
square, while in rounds the piece should 
be one and one-eighth inch in diameter. 
Siiailar observation will apply to flats 
and boiler plates. In the case of boiler 
plates, strips should be cut off having a 
length of twenty-four inches and ha'^'ing, 
as near ae possible, widtbs so as to give 
one-fourth, one-half, three-fourths and 
one inch, or one square inch of cross sec- 
tion. Rounds, sqiiarea or flats which 
cannot readily be obtained in lengths of 
twenty-four inches, pieces may be pre- 
pared, as shown in the second two 
samples of the above cut. Here the 
pieces are from sixteen to twenty inches 
in length, haying the center part, for a 
distance of ten inches, planeA o"c teciie,4 
BO aa to give a reduced aectioTi, \a otcS-ek 
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to break a piece of uniform size, so aa to 
Lave the fracture occur titerior to the 
jaws of tile machine, it is neceasarj to 
have the test piece sufficiently long, bo. 
that the crushing or indenting occasioned 
by the jaws may be distributed over quite 
a large area of the test pioce, thereby 
avoiding any danger of crushing or cut- 
ting into the piece itself, so as to cause a 
fracture to occui inside of the jaw. In 
orderto secure this i t is essential to have a ■ 
piece which is sufficiently long bo as to 
present the requiretl length between the 
jawB end give an additional quality to 
be placed between the gripping surfaces. 
Id. order to be certain that no crushing 
or indenting action occurs, it has been 
foimd by experiment best to have at 
least ten times as much surface in the 
jaws of the testing machine as there 
aie inches in the cross section in the 
to be testei-I. If, however, the 
.piece is by machine work so reduced 
in the center an to present a less cross 
f aaeHon than is obtained be\.W6«u'0a.'a\ws% 
if 4he mBcliine, this mden^Joi^ ^c,\>lCi\i. ^ 
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entirely avoided, and samples which can- 
not be obtained in lengths of twenty-four 
inches or more, may be prepared as above 
shown. The last figure in the cut indi- 
cates the shape of boiler plate test pieces 
which has previously been used as a 
standard size by the Government Inspec- 
tors of Steam Boilers. The piece is pre- 
pared very simply by cutting a strip from 
a boiler plate and planing or milling a 
semicircular groove directly in the center 
of the piece. While it may frequently be 
necessary to make experiments on pieces 
of this shape, they are, as has readily 
been seen from the foregoing experi- 
ments, much to be avoided. There is no 
opportunity for measuring the elastic 
limit of the piece, as there is no uniform 
section upon which to take it ; also the 
grooved section of the piece very largely 
increases the ultimate strength of the 
material, at the same time decreasing the 
amoimt of reduction and entirely preclud- 
ing the possibility of any stretch meas- 
urement. In order to obtain an accurate 
determination of the elastic limit with a 
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■ estimate of the ultimate strength, 
I «loDgation and reduction of a material, a 
\ length of at least six ineheB is necessary. 
I Jn previous esperimenta it has generally 
■•been customary to use a length of eight 
I inches, froia the fact that most testing 
I machines have been built of so small 
t capacity that longei pieces were not con- 
veniently handled This length of eight 
inches is, howevei, unfortnnste for many 
reasons. It verges so closely upon the 
limiting size of the test as to at last 
raise the question of the accuracy of the 
result. All of the measurements made 
for determiniDg the elastic limit and 
modulus of elasticity have to be reduced 
to decimals of the length of the test 
piece, involving laborious calculation for 
L each reading of the micronometer or ver- 
hnier gauge. The length of ten iuchea 
t.iiow proposed as a standard of size of 
■ Jteot'pisce will avoid all computations of 
^43ii8 kind, for every reading thus being 
I inches, is made in per cent, of 
B length of the test piece. 
Parthermore, the length of ten inches 
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corresponds to two hundred and fifty 
millimeters, approximately the length of 
test piece commonly used abroad. 

EFFECTS OF CHEMICAL CONSTITUTION. 

The resistance of wrought iron to ten- 
sion varies very marked with its chemical 
constitution. At present it is quite un- 
certain to what extent foreign elements 
in the iron affect its quality. 

Variations in the amount of phosphorus 
and sulphur in wrought iron play^a very 
important part in its physical character- 
istics, and cannot be too carefully consid- 
ered in presenting an opinion of the value 
of the material for structural use. 

In steel the effect of variations in 
chemical constitution is far more marked 
than it is in the case of iron. The ele- 
ments, phosphorus, silicon, manganese, 
carbon and sulphur, all enter into the 
constitution of most steels in small pro- 
portions. A very slight variation in any 
one of these may make a very marked 
difference in the quality and value of the 
steel. 1 he elements phosphoruSj'silicon, 



Kan^neee ami carbon have been termed 
WDr. DutUey as hardening elemente, in- 
BBinueh as each one of them is capable of 
conveying to the steel a greater or less 
degree of hardness. Dr. Dudley, in some 
esperiments presented to the American 
Institnte of Mining Engineers, aBsnmes 
thehardening effect of phosphorus, silicon, 
manganese and carbon to be in propor- 
tion to the numbers three, five, seven and 
a-half and fifteen, and reckons the sum of 
their effects in what he very aptly terms 
" phosphorus units." 

Dr. Dudley concludes that the sum of 
all these above constituents reckoned in 
phosphorus units should not exceed 
thirty to thii-ty-two units in steels in- 
tended for rails. The above figureSj 
(hirty-one units, are obtained by adding 
[together the phosphorus percentage, half 
the per cent, of silicon, one-third that of 
carbon and one-fifth of manganese. Taken 
singly, the Hmit of phosphorus should be 
placed at -jV of one per cent. ; silicon at 

K- of a per cent. ; manganese at ^ to 
diF a per cent. And carbon from -^A^ 
I. 
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to r^ of a per cent. Any higher pro- 
portions than the preceding make the 
fiteel too brittle for structural purposes. 

The experiments in Tables 9 and 10, 
made by Prof. Thurston for the Commit- 
tee on Chemical Research of the United 
States Board for testing iron and steel, 





Table 10. 




Num- 
ber. 


EloDgation. 


Elastic 
Limit. 


Ultimate 
StreDgth. 




Pc cent. 


Lbs.pr.sq in. 


Lbs.pr.sq.iD. 


1 


5^9.67 


26,500 


43,000 


2 


25.50 


84,500 


55,000 


3 


34.33 


28,500 


52,000 


4 


20.88 


26,(00 


60,000 


5 


12.00 


49,400 


69,700 


6 


21 67 


50,743 


71,300 


7 


20.17 


44,000 


71,000 


8 


19 50 


47,800 


83,100 


9 


2.75 


50,000 


94,500 


10 


3.58 


50.500 


101,000 


11 


1.00 


65,190 


101,400 


12 


9.75 


50,500 


112,400 


13 


8.17 


50,500 


113,100 


14 


11.08 


51,000 


118,900 


16 


10.08 


61,900 


122,200 


16 


7.67 


68,100 


123,000 


17 


8.08 


68,100 


125,500 


18 

19 1 


S.67 


75,200 


\ Vi^;^'^^^ 


7. S3 


75,300 


\ l^t^,^^'^ 
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exhibited the ohemical constitntion i 

the corres ponding physical qualities c^^ 

ingot, irons and steela. 

A gradual increasQ in tensile strength 
and elastic limit may be observed as 
the proportion oi carbon ia increased. 
The quality of the metal isusually fixed 
by the proportion of carbon but it is 
also varied to a large extent by the ele- 
ments, silicon and manganese, as well 
as by the amount of phosphorus. Prof. 
Thurston has given the following for- 
mula, by means of which a very fair 
estimate of the strength of steel may be 
obtained when the proportion of carbon 
is known: T=60,000-l- 70,000 G. T is 
the tensile strength in pounds per square 
inch, and C ie the percentage of carbon 
for annealed samples, and T=50,000 + 
60,000 C. As illustrating this excess 
Prof. Thurston has made the following 
experiments : 



I 
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Table 11. 



Carbon. 


Tensile Strength— Lbs per sq. in 


Per cent 


By Test. 


By Calculation. 


0.53 
0.65 
0.80 
0.87 
1.01 
1.09 


79,062 

98.404 

99,588 

106,579 

109,209 

116,394 


81,740 

88,940 

98,060 

102,020 

110,800 

113,480 



The preceding examples illustrate 
very clearly the importance of the chemi- 
cal constitutioD, and in all specifications 
for building materials, whether of iron or 
steel, the chemical constitution of the 
metal should be required by the engineer 
or the architect. It is very true that the 
knowledge of the engineer is not sup- 
posed to be that of the manufacturer, and 
it would be highly unreasonable for the 
engineer to prescribe to the manufacturer 
exactly what formula he should use to 
obtain the material wished for. At the 
same time a clause inserted under the 
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head of tests in specifications, requiring 
a chemical analysis of every melt of steel 
and frequent analyses of wrought iron, 
would add very largely to the amount of 
knowledge obtained of the material to be 
used, to say nothing of the immense ad- 
vantage which would accrue, both to the 
manufacturer, to the engineer, and to the 
general scientific community, by a correl- 
ation between the physical tests and the 
chemical constituents. While the manu- 
facturer should be allowed a wide margin 
of chemical constitution, it would be well 
in specifications, especially those design- 
ed for steel work, to prescribe limits for 
the elements of manganese, carbon, phos- 
phorus and silicon, which the manufac- 
turer should not be allowed to transcend. 
For it is very possible to make a steel 
which may come up to a liberal specifica- 
tion and at the time be in many respects 
unfit for use in a bridge or a building, 
and in order to avoid difficulties of this 
kind, limiting maximum and minimum 
values to the proportions of carbon, 
phosphorus, manganese and silicon should 
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t)« aaaigned m the specifications as weT 

as the masimiini and minimam values for 

elastic limit, tensile streugth, reduction 

t^nii ^ongation. 



I. ^ 

^Pr^eaii 

^ttired by the mechanical work done dur- ■ 



One of the most important qualities of 
he material is its resilience or power of 
C'eaisting shock. This quality is meas- 
ired by the mechanical work done dur- 
ing the processes of testing. Until re- 
<3ently this quality has been rather over- 
Xooked by engineers, but at the present 
"fcinie is demanding more and more atten- 
"tion. The mechanical work done upon a 
IjiiecG tested in tension is most readily 
«3btained by the autographic method, for 
it is simply the area of the curve en- 
closed between the axis of X, the curved 
line given by the test of the piece and 
■the bonnding ordinate parallel to the 

I axis of Y. It will thus he seen that the 
teneile strength, together with the elon- 
l^tion of the piece, are factors in ita 
Mfiilietice, so that a piece very stiff and 
%rittle, while it might have an exceeding- 
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ly high tensile strength, would, having 
very little elongation, give a very low 
resilience, and again, softer material hav- 
ing an exceedingly low tensile strength, 
but a very large amount of elongation, 
might err on the other side and give 
equally unfavorable results. 

Practical experience has shown that 
the quality demanded in our bridges, 
roofs and other structures, is the power 
of resisting sudden shocks and jars due 
to the work to which they are subjected, 
and this power of resisting shock is by 
far the most important one. A piece of 
tool steel, while exceedingly strong, will, 
under a suddenly applied stress, snap 
like a piece of brittle glass, while the 
weaker and more resilient structural 
steel will, under a suddenly applied load, 
stretch like a piece of india-rubber and 
come back again to its normal position. 
While the amount of work done in break- 
ing a test piece is an exceedingly valu- 
able and important characteristic of 
amount of work up to the elastic limit, is 
by far the most valuable. And this quan- 
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tity may be readily calculated by taking 
the elongation at the elastic limit and 
multiplying it by half the elastic limit in 
pounds per square inch. Assuming 
Hook's Law to be true, this gives the 
value of the triangle included by the line 
v^hose equation is Y=ax, and may be as- 
sumed to be very accurately the measure 
of the resilience of the piece up to the 
elastic limit. 

EFFECT OF TEMPERATORE. 

As a result of a mechanical work done 
on the piece by * a machine, and of the 
flowing of the molecules of the metal, the 
piece gradually becomes warm, so that if 
the testing machine is very rapidly 
worked, and the bar is comparatively 
small, the ends near the fracture may at 
the end of the experiment become so hot 
as to be most unbearable to the hand. 
Probably this elevation of the tempera- 
ture during the experiment has some ef- 
fect upon the ultimate resistance, for un- 
<juestionably an elevation of the tempera- 
ture causes the flow of the metal to take 
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place with slightly increased facili^ 
in ordinary experimentB this elevation of 
the temperatnre is so slight as to pro- 
duce no sensible effect upon the test 
piece. Some experimenters have gone 
so far as to carefully make a thermo- 
nietrical measurement of the heat pro- 
duced in this wa.y. "While all possible 
commendation should lie given to accu- 
i-acy and care in making observations, it 
seems that examinations of thiB kind are 
hardly worth the amount of expenditure 
and trouble that they cause. 

That the variation of tempeiBture pro- 
duces some effect upon the tensile 
sti-englh of iron and steel is awell under- 
stood fact. 

From a recent number ot the TiOiidon 
Engineering, a synopsis of some German 
experiments is obtained. The resistance 
of the materials at zero centigrade is 
taken at 100, and that of other tempera- 
tures in the proper proportional part of 
that number, Table 12. 
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Table 12. 








Fibrous 


Fine 


Besse- 


Temperature. 




Giaiued 


mer 




■ Iron. 


Iron. 


Steel. 


Cent. Fahr. 








0® 82° 


100 


100 


100 


100 212 


■ 100 


100 


100 


200 892 


95 


100 


100 


800 572 


90 


97 


94 


500 982 


88 j 


44 '■ 


84 


700 1,292 


16 ! 


28 


18 


OOU 1,652 


6 


12 


J) 


1,000 1,882 


4 ; 




7 



Sir William Fairbaim gives the follow- 
ing as the results of numerous experi- 
ments made upon specimens of plate 
and riyet iron at different temperatures, 
Tables 13 and 14. 
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Table 18. — Exf&biments on Plate Iboh. 



Temperature, 


Breaking 
weight in lbs. 


Stress in 




Reference to 


Fahrenheit. 


per. sq. in. 


Fibre. 


0° 


49,009 


With. 


60 


40,357 


Across. 


60 


43,406 


Across. 


60 


50,219 


With. 


110 


44,160 


Across. 


112 


42,088 


With. . 


120 


40,625 


With. 


212 


39,935 


With. 


212 


45,680 


Across. 


212 


49,500 


With. 


270 


44,020 


With. 


340 


49,968 


With. 


340 


42,088 


Across. 


395 1 


46.080 


With. 


Scarcely red 


38,032 


Across 


Dull red, 

1 


30,513 


Across. 



Table 14.— Kivet Iron. 



Temper- 
ature. 
Fahr. 



! Breakinp^ 
weight in lbs. 
per sq. in. ' 



Temper- 
ature. 
Fahr. 



Breaking 

weight in lbs. 
per sq. in. 



-30" 


63,239 


250 


82,174 


H-00 


01,971 


270 


83,098 


00 


03,601 


310 


80,570 


114 


70,845 


325 


87,522 


010 


82,676 


415 


81,830 




74,153 


435 


86,056 




80,985 


, Ked heat. 

1 


36,076 
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From these tables it wil! be observeil 
Ftliat between the ordinary variation and 

Itemperatare there is Uttle or no varia- 
of the strength of iron or steel. 

[ That many accidents oecor from the 
breakage of railroad rails, tie rods, asles, 
and many other parts of our common 
structure during cold and frosty weather, 
is beyond question; but tliese failures 
mufit b(s attributed not to a doRreaee in 
actual strength of the metal, but to ex- 
terior circumstances. Under severe cold 
of a winter's night the roatl bed envelop- 
ing the ti'ack of the mUway may become 
frozen fixceedingly hard, and to thepase- 
Bge of the moving train present a stmc- 
ture which is firm and unyielding as that 
V)f the most solid granite. Thus the 
How struck by the engine driver against 

P* projecting rail end is much more severe 
a cold and frosty day than it is on a 

ft^arm and sunny one, so that the possil. 

^breakage of the rai! under circumstances 

rof this kind may be attributed, not to a 

I deci'ease in the strength of the iron, but 

b-io exterior circumstances. 



t 

e 

' i 
J 
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CAST IRON TESTS. 



The investigator iu making experi- 
ments on cast iron is obliged to exercise 
more care than in experiments on abuost 
any other material. Cast iron is of such 
an unyielding and crystalline nature, that 
unless care is taken in setting the piece 
in the testing machine the results are 
almost certain to be vitiated by the pres- 
ence of lateral stresses. Again, unless 
the piece is prepared in some manner by 
turning and planing at the center, so as to 
give a reduced section, there is great dan- 
ger that the jaws of the testing machine 
will not grip the piece sufficiently tightly 
so as to avoid slipping. 

If the piece should be taken direct 
from the sand, without any machining or 
planing, it becomes quite a difficult mat- 
ter to get an accurate measurement upon 
which to calculate the area of the piece, 
for the outside of the specimen contains 
a large quantity of sand, which penetrates 
to a depth of one or two hundredths of 
an inch, so as to almost preclude the 
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possibility of making accurate measure- 
ments. 

The effect of remelting on the strength 
of cast iron is well exemplified by the ex- 
periments in Tables 15 and 16. 

Table 15. 

Lbs. per sq. in. 

First melting ... 14000 

2d " 22900 

8d " 30229 

4th ** 36786 

Table 16. 
'X'ime of fusion. Lbs. per sq. in. 
Yo, hour 17848 

1 " " 20127 

\% '' 24387 

2 •' 34496 

The accompanying table gives a fair 
ctverage of the results to be generally 
obtained from tension tests on cast iron : 

Good pig iron from 15,000 to 20,000 
lbs. per square inch. 

Tough cast iron from 18,000 to 24,000 
lbs. per square inch. 

Hard cast iron from 20,000 to 28,000 
lbs, per square inch. 
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Gun-metal from 25,000 to 32,000 lb». 
per square inch. 

These are the averages that have been 
obtained from a large number of miscel- 
laneous irons obtained from various 
foundries all over the coimtry. Here and 
there will be found, an iron that either 
exceeds or falls below the preceding 
averages, as an example of which may be 
mentioned a phenomenal one sent to the 
author to be tested by the author within 
the past year from the foundry of Mr. 
Gridley, at Warsaw, N. T. This piece, 
of pig iron unrefined stood over 40,000 
lbs. per square inch. 

CEMENT TESTING. 

Next to iron and steel, probably the 
materials which are most subjected to ex- 
periment, are the various cements and 
concretes used for all architectural pur- 
poses. Among architects and engineers 
it is very customary upon buying a lot 
of cement to take small samples from 
several of the barrels in each cargo, and 
after mixing them up and pressing them 
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.nto a mold, to break the sample by ten- 
■niort, and to judge of the quality of the 
I «emeut by the reHiilts thus obtained. 

In making cement tests the following 
' jirecaution should be observed : 

First, the relative quantity of cement 
and water should be carefully meas- 
ured, preferably by weighing out the 
necessary amount of each. 

Second, the cement and the water 
should be carefully and thoroughly in- 
corporated 80 as to make a mixture whicli 
is perfectly uniform in every respect 
This is best accomplished by placing the 
cement on a plate of glass, and slowly 
pouring the water on it while the mas: 
Wng stirred and rubbed by means o 
towel. 

Third, after the mixture is completed, 
^e cement should be pressed into the 
mold designed to form the briquette with 
* perfectly steady and uniform pressure. 
iS'his is best accomplished l)y aiTanging 

e mold so that it may be lilled with ce- 
ment, then subjected by moaua of a press 
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to an amount of force that can be defi- 
nitely weighed. 

Fourth, the length of time elapsing 
between the mixing of the cement and 
the breaking of the &ample should be ac- 
curately noted. 

Fifth, the temperature of the room in 
which the Bamples are kept between the 
mixing and the breaking, should be main- 
tained as nearly uniform as may be, and 
preferably should be kept at from 60 to 
70 degrees Fahrenheit. 

Sixth, the fineness of the grinding of 
the cement should be carefully noted. It 
has been customary among English and 
American experimenters to weigh out a 
portion of the cement to be tested, and 
sift it through a sieve containing 2,500 
uH^slies ]HY square inch. The fineness 
of tlio cement is expressed by the per 
c(^iit. of the amount which will pass 
through tli(^ measur(;s of the sieve. 

S(^Teuth, ihe hydraulic properties of 
the cement are best ascertained by mix- 
ing a sample to a requisite quantity of 
water, and then testing it in two ways: 
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I first, by immersing it in water and 
g whether the cement does not lose 
i form after being subjected to the 
: for some time and does not show 
r cracks or other BjmptomB of dieiii- 
jgration. 
Second, by allowing a bhmt point to 
iresa upon the cement by means of a 
^definite weight, the penetration being b&- 
ined as a bjeayire Of the setting prop- 
s of the cement; ■■-' 1'; u/.', ; ' 
t the coranaencement of 'tlie /erection 
the appi-oaches ' to ,.^e East River 
Jridge, it was decided' t*D*inpl«y cement 
r laying tlie masonry wbrt.- As a eon- 
squence of this, proposals for supplying 
are iidvertieed for by the Bridge 
raatees, A number of manufacturers 
Sent samples in answer to this advertise- 
ment, and Fig. 31 gives a series of curves 
that are taken from the results obtained 
from these tests. AW the samples here 
given were made by mixing 4 parts of 
C«ment with one part of water by weight. 
The mixture was then rammed into molds 
having a cross section of 3 inches, and a 
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uniform length of 3 inches between the 
enlarged ends. After the briquettes had 
been in the molds for 15 minutes they 
were removed, half the number of bri- 
quettes being placed in water, and ha^f 
being retained in the air until the time 
for testing. After the tension test was 
made, the end of the broken briquette 
was trued up on a grindstone and tested 
in compression. As a consequence, on 
the diagram there will be seen 4 curves 
for each make of cement, one curve giv- 
ing the tensile strength in air, one in 
water, one of compressive strength in air, 
and one of compressive strength in vater. 
The experiments were continued till the 
briquette had attained an age of one 
month, and tests were made at intervals 
of 24 hours, 7 days, 1 4 days, 21 days and 
28 days. An inspection of these curves 
will reveal the fact that while they vary 
considerably in actual strength per square 
inch, all the curves bear a general re- 
semblance to each other. Each curve 
rising with a slight inclination to the 
axis of y, until the seven day test is 



I paBeed. Tliere then occurs a point of 
I inflection, tlia curve awiiiffing towards 
I the axis of .r, in some caaea even taking: 
I on a negative value, and returning to- 
\ warda tbat axie. This dropping of the 
I curve continues until the fourteenth day 
B passed, when the second point of in- 
I flection occurs, the curve returns towards 
I its former poaition and extends indefi- 
Rnitely. It would seem from theae ex- 
L periments that the hardening of cement 
I is probably due to two different causes, 
, one of which reaches the maximum about 
the seventh day, while the other does not 
come into action until after the foui-teentli 
day. In explanation of this fact it is 
supposed by the author that thia harden- 
ing is due to two different variations. 
When the cement is first mixed, the pri- 
mary hardening ia due to the hydration of 
the salts of lime and alumina by means 
of the water iised in the mixing. Thia 
hydration reaches ita maximum in inten- 
aity at about tlio seveuth day. After 
that the action of the atmosphere on the 
cement probably causes the hydrates of 
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calcium and alumina to give up part < 
the water tliat is absorbed, and chan( 
to silicates and carbonates. This inte 
change of molecules causes a sligl 
weakening of the cement. This weakei 
iiig goes on from seven to fourteen day 
until after the passage of the fourteen! 
day the carbonates and silicates ha^ 
only regained the strength of the h 
drates they have replaced, and then pro 
ably go on hardening and streng Jni. 
for an indefimte period of time. 

The Table 17 gives the result of 
series of tests made on cement supplie 
by two of the most noted Eosendale C 
ment Company's. 



^ 
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Tabt.r 17. 








Cement A. 


Cement B. 




Tension in lbs. 


Tension inMbs. 


Age. 


per sq. ju. 
Air. Water. 


per sq. in. 




Air. 


Water. 


1 hour. . 


45 ' 38 


49 


32 


2 " .. 


52 44 


53 


45 


3 ** .. 


60 55 


71 


61 


4 '« .. 


63 57 


75 


62 


5 " .. 


71 64 


79 


67 


6 '« .. 


77 65 


85 


71 


7 '* .. 


82 65 


87 


74 


8 *' .. 


86 78 


86 


76 


9 •' .. 


87 .69 


85 


75 


10 •' .. 


88 63 


89 


74 


15 " . . 


94 74 


97 


90 


20 •' .. 


94 77 


98 


96 


24 *' .. 


88 70 


95 


90 


2 (lays . . 


81 72 


^9 


86 


8 •' .. 


91 72 


91 


59 


4 " .. 


125 09 


117 


68 


5 " .. 


155 71 


115 


72 


6 " .. 


. 149 83 


149 


83 


< 


103 71 


111 


62 


14 " .. 


! 117 94 


183 


86 


21 " .. 


148 129 


149 


113 


1 month 


192 205 


188 


185 


2 '* 


202 199 


216 


220 


8 •' 


209 216 


196 


187 


4 " 


.; 201 217 


140 


148 


5 " 


. 1 243 242 


196 


186 
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Table 17— (Continued). 





Cement A. 


Cement B. 




Tension in lbs. 


Tension in lbs. 


Age. 


per sq. in. 


per sq. in. 




Air. : Water. 


Air. 


Water. 


6 mouths. 


182 180 


232 


212 


7 " . 


186 296 


861 


210 


8 *• . 


319 236 


811 


285 


9 " 


225 1 216 


209 


199 


10 " . 


264 226 


177 


209 


11 •' 


280 i 245 


178 


187 


12 " . 


255 244 


190 


149 


18 " . 


263 226 


174 


142 


14 " 


178 249 


184 


191 


15 '♦ . 


226 213 


144 


176 


16 " 


248 210 


292 


240 


17 «' 


1 


203 


190 



These tests were made on briquettes 
mixed in the same manner as those in the 
preceding tests, and treated in the same 
way in every respect, excepting that they 
were tested at intei-vals of from 1 hour to 
17 months. 



PROOF TE8TS. 

Ihs testing machine is frequently em- 
ployed fo luake proof toata upon parts 
of structures to ascertain whether there 
may be any concealed defects either in 
quality of materials or in character of 
the workmanship. For example, in mak- 
ing bridge columns, eye-bars, chains and 
cables and the like, it is customary to 
rtest each article after the manufacture is 
risompleted by placing it in a testing ma- 
chine and subjecting it to a stress which 
is slightly in excess of that which it is 
calculated to meet in the struct are. 
Nearly all eye-bars of the best bridges 
are tested in this way, being subjected to 
a strain of about 15,000 pounds to the 
square inch. This is largely expected to 
exceed the stress to which they will be 
subjected in the structure, but at the 
same time it is not intended to cjuite 
reach the elastic limit of the bar itself, 
and so no injury can result therefrom. 
Whereas, should the bar be defective in 
any way, either from concealed flaws, ' 
welds, or poor material, this proof stress 
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will make the defect sufficiently obvious 
to cause the rejection of the piece. In 
many cases, however, it is doubtless that 
these proof tests have been too severe, 
for if the piece in question be over- 
strained so as to injure any of the fibers, 
or cause an incipient crystallization, the 
test, instead of insuring safety, insures 
the commencement of destruction. 

In making proof tests the action of the 
piece subjected to the stress should be 
very carefully noted, especially to see 
whether there is the slightest syn\ptom 
of deformation, causing, after the piece 
is taken from the testing machine, a per- 
manent set in the material, signs of flaws, 
cracks, or other imperfections, should be 
carefully looked after, and any indica- 
tion of weakness of any kind under proof 
test should be considered conclusive 
either for the rejection of the piece abso- 
lutely or for the continuance of further 
oxporinKniting theroon. 




' Txsyra to dbtebmine the value or Diwaa- 

KNT MKTHOD9 OF CONSTllIIOTIOX. 

Engineers are very rapidly ascertain- 
ing the va,Iue of the testing maebiue in 
demonstrating tlie best forma and the 
beet methods to be employed in conetmc- 
tion. To accomphah this it is of course 
necessary to make tests on the full-sized 
Bpecimens exactly as they are to be used 
1 the structure in question. While many 
experiments have been on such forms ae 
eye-bars, colnmns, small plate girders 
ftnd trustees, riveted joints and the like, 
yet the art is in its very ewliest stage of 
infancy, bo that it is almost impossil:>le to 
give any rules for the guidance of experi- 
menters in this direction, excepting the 
very general ones, that the pieces should 
be tested in a manner precisely anaJogoua 
tfj that which they will be called upon to 
resist in the sti-ueture itself, and tliat all 
circumstances during the progress of the 
experiment should be noted with the 
most minute and scrupulous attention, 
so that an after consideration of all of the 
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facts thus obtained, may lead to the de- 
velopment of the most perfect knowl- 
edge. 

The sad and disastrous failures that 
have occuiTed in various structures 
throughout the country during the past 
history of American engineering has 
demonstrated too completely the lack of 
correspondence between the physical 
properties of materials, as given from the 
data supplied by us : all test specimens 
and properties which have actually been 
developed in actual practice. 

The importance, therefore, of making 
experiments on full-sized members is be- 
in*^ more fully and completely realized 
(lay by day, and cannot be too strongly 
urged upon architects and engineers, 
so that it is hoped before long our 
country may be supplied with the requi- 
site apparatus for testing any structures, 
be they small or large, in such a manner 
and on such a scale as to demonstrate to 
the world at large that America stands 
foremost among nations because she is 
foremost in her structures. 3^ 



